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I  dedicate  this  work,  with  all  kindly  feelings,  to  those 
students  at  Harrow,  Eton,  Hayleybury,  and  Cheam,  to  whom, 
under  the  auspices  of  the  Rev.  Drs.  Vaughan,  Good  ford,  Hawtrey, 
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Science. 
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demned the  teachers  of  popular  science. 
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ON  LIGHT. 


in  the  article  on  Electricity  in  this  work).  The  outside  of  the  thermo-electric 
pile  and  its  attached  cone  was  wrapped  round  with  wadding  and  cloth,  so  as 
to  be  entirely  unaffected  by  currents  of  air. 

"  During  these  experiments  the  disc  of  aluminium  was  rotated  rapidly  for  half 
a  minute,  and  a  heating  effect  was,  in  consequence  of  the  rotation,  recorded 
by  the  thermo-electric  pile  (an  instrument  described  fully  in  the  article  on 
Electricity). 

"To  obviate  the  objection  that  the  electric  currents  which  take  place  in  a 
revolving  metallic  disc  might  alter  the  zero  of  the  galvanometer,  the  position 
of  the  line  of  light  was  read  before  the  motion  began,  and  immediately  aftei 
it  ceased,  the  difference  being  taken  to  denote  the  heating  effect  produced  by 
the  rotation. 

The  thermometric  value  of  the  indications  given  by  the  galvanometer  was 
found  in  this  way:  —The  disc  was  removed  from  its  attachment  and  laid  upon 
a  mercury  bath  of  known  temperature.  It  was  then  attached  to  its  spindle- 
again,  being  in  this  position  exposed  to  the  pile,  and  having  a  temperature 
higher  than  that  of  the  pile  by  a  known  amount.  The  deflection  produced 
by  this  exposure  being  divided  by  the  number  of  degrees  by  which  the  disc 
was  hotter  than  the  pile,  gives  at  once  the  value  in  terms  of  the  galvanometric 
scale  of  a  heating  of  the  disc  equal  to  1°  on  Fahrenheit's  scale. 

11  The  disc  of  aluminium  being  blackened  with  a  coating  of  lampblack,  ap- 
plied by  negative  photographic  varnish,  and  rock  salt  inserted  in  the  cone, 
the  following  results  were  obtained  : 


No.  of 

No.  of  observations 

Time  at 

Heat  indications 

set. 

in  each  set. 

full  speed. 

0  Fahrenheit. 

1. 

3 

30 

0-85 

II. 

4 

30 

087 

111. 

4 

30 

081 

IV. 

3 

30 

075 

"  To  ascertain  whether  the  radiant  heat  recorded  was  derived  from  the  rock 
salt,  or  from  heated  air,  or  from  the  surface  of  the  disc,  the  next  series  of 
experiments  were  tried. 

Experiments  with  u  lacked  Aluminium  Disc  without  Rock  Salt. 


No.  of 

No-  of  observations 

Time  at 

Heat  indications 

MM. 

in  cdcb  set. 

full  speed. 

0  Fahrenheit. 

V. 

3 

30 

0*92 

VI. 

3 

30 

093 

"  With  certain  modifications  of  the  above  experiments  it  was  satisfactorily 

E roved  that  the  effect  was  not  due  to  heating  of  the  rock  salt,  or  to  radiation 
om  heated  air;  it  must  therefore  be  due  to  the  disc  of  aluminium,  which 
seemed  to  have  rubbed  against  some  matter  which  remained  in  the  receiver 
after  the  air  was  removed.     The  question  being,  was  this  ether?" 
The  authors  further  state  that, 

"  1. — It  may  be  due  to  the  air  which  cannot  be  entirely  got  rid  of. 
"2. — It  is  possible  that  visible  motion  becomes  dissipated  by  an  ethcrial 
medium  in  the  same  manner  and  possibly  to  nearly  the  same  extent 
as  molecular  motion,  or  that  motion  which  constitutes  heat. 
"  3- — Oft  tne  effect  may  be  due  partly  to  air  and  partly  to  ether. 
**  Not  to  leave  the  matter  wholly  undecided,  it  was  suggested  by  Professors 
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.;::.:..        i  ■   .      !u      I    1 1,    v   I:,     n  .  H .      !    ;■   JJi  ■!.!.    I 

.  .;.  .i  .  ottsenced,  and  told  hi 

t)  tcinpta 
ts  to  all  wtirio     durin    the  period  < 
II,  Hubert  commenced  bis  duties.     And  now,  fortfie 
ird  da/a  i 
■  "      ■■!  1 1  ■..-.'.     i'    ;  him   m  tfa  '      al    drink,  nur  »1ccfi  during  hi     *  ■■■.  t,  he 
'"  fait  until  the  break  of  raora    Fitting  down,  he  thinks 

■  •    unc  in  winning  ilic  priie  son  ■!         ill  true  warn 

Wlibt  biiiml  in  iii  !ll"K  foontep*,  and 


Z!  Bach  f 

I 

iiout  yfm  make  the 

,v.:   .it    I.   :.      '.'.'■■. 

i  noranJ  loon?* 

Who 

■ 
■ 

muni,  hi  iii  ii.  »in 

Ill     .  .  ;' 

.. 

!..,».  'l    ii 

:      i  ii. i 

•  •I"  .ill   ll  ,  ilic  pout   foi 

a  iih  her  in    "  ■ ;.  tli 

i 

i  second   icmpiAPon.   u\i  .  ncuncd 


fe»*5*i 


■    f. 

■ 

i  ihc  ln-i  1 1 
In   '>:  i.  i.l  i    the  I 

•   Lh0U  *X  I.   ill  !hj    ITi      i/' 

arrow,  I.-  tin-  wJlol  ii 

■ 

WI1 

: 
I    did  wtonj;  to 

i-tf — " 
ill. 

ii 

■ 

C  IV  CI  c  X 


REFLECTS  OS  OF  LIGHT 


*7 


i  of  wa;  Ralph  c*  lk.r,;li,  one  of  way  mo*t  Hue  ami  1 

rVicodshlf*. 
HI  ihc  tunc  w,>r''l  '•  "'"'  *!in>     '    i  •  "Hi  ' 

•HBBtll' 

ifai  gnlrt    nap.  Turn  no: 

.    line         ! 

m  as  jnat 
• of  oar  Kibk  houses.  ittL" 

'•;  been  strur^Hnj:*!!  to  hit  ri^-nt  !■ 

r*  to  nppt  :r»ns*r,  when  be  Imagines  he  hears 

r»r*  inclest  he  hears 

Anr'TTfj.  be  «cy*.  '  '  -»nd 

<r; luv.  lock,  wlw,  tritfc  a  frowst  and  dlaippoinied  look,  fade-. 

«,  Ihf  mnrn  in 
r*l»-*i  II  t:  prtrlcd.    1  Mud   1 

loaned  the  task?" 
tii  aba*  e  his  beloved,  she  disappears  Stem  before 

it  o*  ihcmoTAini:  sun  won  gVften«d  np<  a  omj  *o  Oii» 

hed  from  etc  nil  sunrise  to  jruard  his  armour  from  ill 


IMAI  KD    MlKlLOlLS. 


I  :  had  waned,  another  Uhiaion  vtm  pre- 

."    Mr. 
Ms  -beir.ccn  A  large  .tad  hnndtomc  box, 

■ 
-Id  W  *■■    -    .  the  platform 

i  by  in 
..b*ry  railway  •  mjity. 

"nR-  [he  box,  lb  Ved. 

4  few  tnaimtc*  have  cUpwd   h  rr-opn  ici 

i     r  •,!■    1 1 1.  it.  .  ■     .      ,.  rl 

ihi-  iloiu  n  eld  >•  tunc  it  is  opened 

ill  e,\  |ht    h        nth  a  i  ifpei 
itos  now  ijoc*  in,  and  sounds  the  ■■■ 

i!  iOi  i»:  tid'.li.nly  closed, 

I^Eb  eecc  marc  closed  and  opened.  ■'•  by 

.  red  aoirmrr,  fulilin;  i-:  "hcnopoi 
ti  V«hcr  an  aatf  e  <  * 

lined,  ilfc  behind  the  mirror*,  and 

■nor*  ike  Ackton    ■  i 
noe  ijLnc   tbc  and   led 

latKiMte  tricks 
utkfrt  an>-  '  irmed      * 


jS 


OX  LIGHT. 


1 


In 

1  - 


! 

piper  math*,  or  *b«*  iroc,  but  the 


tbt 


bon  hunq  >«  ihc  mikI. 

bar  c-tco 

■ 
■  -.ton  to  be  repnacnard.     IW 
aci  btoc  . 

i  x  t*,cfc 
-ibcf  **  afcwn  is  rto.-inuulAr.   If.  for  coi 

pre- 

wider  at  the  U 

■    i 
trfUe  departure  lcii>   i 

door.  Vm,- M  ^  >lv*anJa» 


ton  .'.•/-  u 


i  nu«  of  i  . 
ibcr. 

•i-glass  mirror  at  .in  .<iij:V-, 
.  Irtm  Ihc  spectators.  pvod*cc<L  some  very  popal.i: 

(escribed. 

e  to  a  ten  :h  i 

<  r  on  a  b.. 
n  no»  rdb  ba-  I 


the  i  nfjo  rtoaliK  in  tie  air,  the  proof  of  ta 


■ 

~  Letter  the  pornc 

i 


lift-  u,i  .  i    have 


.'i.|lMl/Wi-'L^. 


y> 


i 


Tlir  note  rolls  brforc  ihc  entrance,  and  *a  it  is  re» 

oJloi*  b    bead  has  vanished,  ami 

"I  !n  :  of  a  farjic  silvered  mirror,  which  a 

<*rfomt«ii  in  tli  liro»£ji  Uk 

t,  whllu  the  rest  of  the  Ursre  mirroc  cor  irui,  reVoinj;  c*dj 

rcprOiCQL  UtCl." 
»pCv 


I 


~ai  be  roScd 
■gli  ii 

<i  i+'at.i.  cook* 

'.-  .t«J  iaMge»  ' 
lane  rorficcx     la  li 

x>'      Vou  inir  ij 
to  ioensue  1 

tarn  U  plKoi    Thus  to  <• 

6  ft.  I  .-.  uoettar,  :     |i        theft£«r 

:l  1.1  :■■•■    I..H-  .  :    1  n    f  ■■..-■     ;      nn:        18  fi    on  1  ..  mt.rr 


7//A 


I 


ftfikrti*/*  frtfvmt  A;\  **»/. 


ll„    |  mi:  |ilMt; 

■     dm 

■  ;   i he  !i  .  ... 

tor  h*3  on  csh..  r.  difficult  to  cea 

-..n  a  sen-  I  •■  1 1  Hi    ■     ■ 

:u©iti<i.  unl  :       'ray* 

theory  instead  of  pr-rtic*. 

Tin:  K  ■  rjpK, 

•  f  tne  ro:.-  Dtl  eva  <oiirt.ruc.tcd, 

wl,  r-<  lio  ..  11  rhr  .iin 

i    .    . 

Hid  tTKOVt'to.  to  «C.      ^  1 1     I 

v  "  T1  i!  pmnib  ■  in  il 

..i  ii  -  ..I    i!ii    jinl.. 

!    f«  !  '     (J    |        I-    'i,  in  i    |i)i(.'%"l    ;;)  i->V    AniCh    were  ptlbllf-hed  Ift  I  In 

u    tin 

■ 

the  coiiipkimi 
■  |     I 
V.  the  effects  e/ thi  h  rudely 

wpoci  my  notice.     In  >    ...    il-  i  ■.,!•■  sequent  period,  the  very 

■    of  humngcficouh  liuidv  -j|>   a 

tin!  not  tried, 

"J  by 

.!*■  lu  form  an 

c*d*  being  closed  ■}»  «ith  pii    i  ■•  •  >!"  nl.it<  ,.''■•■•  n  mi  ntcd 

'   harimni  •  ■  ptioo  i-l 

vvdv  ribcrd  vitho'it  :l  < 

raA,  »  !  "tween  the  pUics  at 

. 
..d  befutx  when  the  object  ft.tr 

:cd  n  a  disuac*.-  ironi  the  reflectors.    From  the 


jiavrd.-. 
*itli  nmnfya  * 

., 

ilmtii  ibr  otbe 

'I.-     i        xatrnj;  trua  sobxcl  o:*n:a!ly.  1  disco*  •  ■  p-r.tv.plc* 

ciAaiecf*   ■  cdoes,  ik; 

..i  ■  tor  ncd. 

•  icctly  beawiAd  and  synroetr    .   i 

(d    .1!    .111   angle  •« 

1 

ll   Cm   *h-tf< 

I      . 


.     I*    .1 


in. m.  1  . 1  1    'i  in  inaoc, 

w*mt. 

aiwasc-i 
tubcaadnT  ibc  pftttdiag  frfntipfe . 

jlc»losc-:po  was  brought  to  thfc  dcmc-flf  — fci-iHi 
iiDpMuH.-  n-.'  1 


..... 

-  be  confutation  01  ih>*c  who  were  br ■• 

rVMChft. 

1  «3njct  (he  Valcidoaecoclfi  Its  sea 

li 

brm.  1j  v  .  frc4«  1  to  7  r  m*c*i  etxii. 

■ 
gi'.*jn'i.  <  '  with  11U. 


3- 

I   iv  mi 

■■ii        ■-.... 
■ 

I   *.lm:  ,;1  .    I.  I 

■       ... 

upon  lhn  pie«  of  class  when  the  tube  is 


ii 


Hfid  with 
■,  bctnj:  prevented  from 

nn^i:^      :  JllllCC  by  b 

i  vco  by  Sir  ] 

uBtiiuctiirL  c:  the  ar&i  in  k^Jcidoxopc:  he  also  smateof 

I    il  ■  m.  :  is  the  details  were 

ibtu  any  one  to  throw  the  kaicid-*CQy:c  frjurir 


.  and  especially  some  obuotcd 

">  i  ;(«rns; 

«*jkH  ihry  Hi  *  fangus-ed  the  ordi 

ii.  «ad  woukl  en.  r  to  tckct  and 

■  Wit  nwwr 
[tan!  »fckh 

■ 

I    .    . 
ECorc  b*,  the  condition  c(  thevwtur  ih  i-  I  y 

*  bc«t  pbie  (Us. 

RKi}    til'    ■       '  *       ,  ■■     -.1'    ■       .■...'  ,.        !  ■•!'  mi-     'iiic  .||).  n 

tfc<t 

Mom  ipic  figure. 


ttekeft/u  Jitfanat  Jftvwr. 


MltROR. 

.  •  pecpcn  j 
with    flimei 

.   m<  \a\\\     *pn    ilil  m, 
i«iami, 
•  ■  ^  .ri 
mck-r.     V-  ii  *-•,.-.  ihr  mirroi   .t  hil'i  it;  the 

(tccts 

:...■ 

Luck  oi  the  r.-.. 


;//?: 


■A 


i  mfrimtb  oft***? 

■ 

■V  the  f 
figwr  I  ill  O.I 

the  mould  m  the  Li  fin*  and  q.i 

■ 

::!••.  .  of  a 

-fd*. 

I 

be  tl 

i»t.    in  -  mi*i 

Tl»c  pattern  die,  twifcrrrd  oa  both  tides  t' 


THE   Rl  'ON  OF  LIGHT. 


j 

■ 

iflkij.i.        11/     tlir    irw.i:',  cltrr*    \h 

eftpluni  ihc  apparent  tac  a  the 

It  ddtcrnoily  reproduce  i  by  careful  ciij.-iavmc,  which  is 

■  ■ 

id  it  a  01 1  mr  the 

ion  1  I  ■!.     url 

IP/a  become!   i?|um.::, 

»!   be 

erf   the 

■  -       I  -  .  t  :  l:  the 

Asutic  So  ii.  1..  pit  :\:  ik very 

^.byJjBnn  I'rini.  ji-.in  " 

c  of  bell  nict.iL  about  6  in,  in 
(id  po- 
thr  convex 

rMckn  incBhrrot  ttclecp  1]  with  ornojncntal  wore 

It*  u- 

^^^■T  b;  termor]  tin 

•  rafjr 

uck  a«  *  be 
mA  *»  cant/  to  be  indented  01  scratched  on  coota  ray 

looodus  cotnpon!i". 

Copper  80 
n       30 


1 


ICO 

r  or  arsenic,  and  a  very  slight  indication  of 
■  %tr\y*  .i-t  ihc  mirror,  *imfl«  in 

ited  .11   Fi^;.  37,  p.  36.       [i 

.1  be  Of 

dtfciu*  *iHnt,\  mpBcmmg  the  pattern  to  be  m.idc  67  Humping,  xnd  that 
!  .  ,...■      11;  hi  cr  metal 

it  pcirts  of  Ihc  »urf*oe  would  oceju  1     Li  R 
decree^  lougb  imperceptible 

cfc  coie  the  thin  parts,  from  being  the  hardest,  il  c  the 

ty^»^f»  r«-i-  -.;  n. 

_^powlion  wa*  al»o  overthrown  by 

vd  on  the 
'llAt 
■ 


■ 


tf 


UGIIT. 


n  of  the  rrtV'i'ii  from  a  be    -v  button,  which  cti 

i  :-i:i.i  t  k.-il    .den    iportinj;  111  IhclUH* 

I  window  hi   button  throws  i  radiated  in 
LBHttonthi  idc  circles,  one  on  tf> 

r  aboul  onc-tn  ii  there  i»  _-::n..n.  spot  in  the 

ei  nir       ailnf  Ihfe  tcctne  but  lb.6  pictiii  -1  aw  i    n  ihr  hick  of  tho- button: 

the  rnri  o.  and  indeed  th,  the  letter*  ofStiperfiflt1  <>r  trebly 

gflj '  Inscribed  hi    bin  a   do  At 

riu-n:   &U1  1*.'  hiil     ^1    uiii    ih.it    the   principle  r*  in  tlti*  i  ■         ■ 

1   of th<   fapai cots   ind»onaci  i    the  surface  loolc§<tjnal!gf 

Ol  ..  i  .  ,,|    .-.,-.  '  1-itlOOS, 

■1  liinn  tn  b  .i  ■.- ;  tlnii  .'p)'.n    il   nirfacci  I        <  inive*; 

:  i  .i  hollow  in  on   i  i  pro  •   iron  in     

tbt  by  the  blow  accessary  m  stamping  it.   I  he  polish 

i  probalirj     iYcn  by  a  rotary  nioli  i     con  w\m  ntly  dot  ■  not  remove  these 

LarUies.  Tofbllowupi  tigailotL I  '-elected 

one  oi  inch  give  i  good  Image,  around  It  on  n  flat  hon 

Cil    it:     :ill    nf    1 1 : » -    ni:\j;i    ;i!    fi^ur     i    (  m:,;inl    in    :i  iinniin:!,    and    .1    pl.nn, 
t  disc  appeared  In  to  ■  a  key  to  ih 

I     ie  mirror:  the  deception  i*  cntlrd;   nrodi  lie  «jr- 


:  n  e,  whit  h  are  rendered  the  lev*  pereepiibk*  i<-  the  rye  became  the  kurikovuj 

)eiii){  pl.ine.     But  it 
which   .pp.vi  bright  En  the  reflected  ipectrum  ol   thi    bun sorcaent  the 


convex  instead  of  bein^  plain 


be  objected  thai  the  two  ■ 


indented  or  thii  parts  ol  tht  metal)  whcrri-*  me  iluc  V  p^rtx  ni  tin-  J.tj 
nnrr.n- are  those  which  »ill  ippeai  illuminated.  A  short  analyst*  of  thi 
InelthCTCoai  idi         plain  to  what  antics  arc  attributable: 

but  it  will  U    nrc       an,    i  .  have  recourse: 

"  Let  A  B,  F  itf.  38.  be  a  plain  mirror  upon  which  the  rays  of  lipht  H  imping; 
they  will  be  reflected  uniformly  i  1  i'.  1  1  mi::;;  a  \<  ■"  11  .1.''.  N  W  let  A*ct> 
EKCbc  another  rcilectinp;  surface,  having  two  convexities,  n  c  K  r,  and  one 
concavity  In  the  centre  t)  (The  conditi":i  OCflrt)  ol  the  brats  button\     In  this 

■  li.-lii    r  ii.Li.  '   frntn  the  outer  cmnv.    ilrvure>«  of  the  protruding 
portion  "f  the  surfaces  n  l\  Kf,  will  converge  In  the  foci  bt  and  r/re- 

■    1   if.  1  10  tl  e  radiui  of  then  curvature;  the  effect  * .' 

1  ourse,  he  risible  within  wid«  limit*  of  ihi  actual  fnc in*    In 

however,  the  central  depression  1*  10  great  til  11  11    ollects  the  ray*  in 

</.  a  few  Inches  only  In  upm  ol  thi   runaccj  and  n-hen  the  mectrum  ii 

farther  off,  the  rays  crossing  from  tint  me:  lurninouifoci,  d1 

from  1  bat  the  thin  paits  or  tympanum  ol  the  Japanese  mirror  arc 

tcx  with  rcfi  rence  to  the  real  cJ  the  reflecting  surfoi ..  whi« 
It. iv     boon       n  sd  Otthorb)  theornamcnt.il  work  being  stamped  or  p;i 
carved  with  the  hammer  and  chisel  00  u-  back,  or,  what  is  more  probable, 
that  pan  of  the  metal  wa\  tamping  rendered  harder,  so  that  In  po- 

■ ....  doi  worn  way  to  the  nine  extent ' 
■  ■  the  ftbovc  ■  u  written,  tn  English  btass-finlshei   ippe  1  - 1    I 
■  I  the  sex  ret     Taking  ordinary  brasa,  ho  find*  thai  any  fiyn 
ii|win  ii  wiili  .1  prop*  1  dii .     ad      ■  ■   ■■  'I,  will  no 

figure  iby  the  die.  but  if  Ineproccsa  witl 

!.:•         (:''..:      -.!    :li. 1      !lu  i:r.-inled     to  be    projected     !     im    thi      >i:rt*oeO 

1  d  thrrc  time  m  the  same  place,      id         icquently  en-nmd  do* 
polished  after  each  stamping,  tlicn  a  molecular  difference  is  established  between 


I  fGJfT, 


Fie.  & 


ti: 


(ftical  upfaraiu« 
^^Hed  of  pfani 


e 


ped  and  unstunped  porlr,  which  i    n  nl  to  thetvc,  b 

•c  surface  so  acted  on  is  used  for  rencctin-  b 
ntil  the  magic  lantern  w 

i   V.1C  1(1     I'l 

If  rron.    The  memoirs  of  Mantlcuz  E.  J. 

•  ■nsof 
ribi  -  how  i  i.ut    V  *.irin!.iiimN 

r  de  Mediae,  and  pretended  to  sJiow  ihc 

■.;.))-»(]»  M  t  'Ufn 

.:■    .. 

d  imus,      :  his  dealer  in 

.  p.  40. 

other  nmunnc  rompta  "1  Iho 
c  mirror  i  -1  Instead  of  ;i 

womt,  RoVr.'i  AVfog,  he  unrig 

e  went  of  sevenl  fflariooi  which  ptascd  her  jrrcat!-.-.  b« 

i  ■■!? 

,  ilir   Litter 

rrujr  }Je*w   jou.    At  iioN*  precise*)  open  the-  box  that  jou 


■ 
the   krv,  :i  rid    my  ini  i  ;.     ■•    II    ■ 

K  bo*.*  T  mcii  only 

d     ■  "  ■  ■ 
Unl.  "i  li    |i  ami*  H  to  ■ 

the  b(>\,  he  feared  to  n  igfit 

be  nude  the 

In  ■[  b<   WOuld  nor   to  III  .it   l;nt, 

Eicldinjr  to  cun«uy.  he  opened   the 
OX,  when  iho  'ove 

dtxt«iy  appear  i  eryffnve 

and  composed  ilr  ;  but  the,  guesting 
the  countenance  of  hvt  call: 

.^  serio-comic, 
■ 


■ 


'. 


*»H«i 


«h«  Mid  ».  ir<»-*^  tcrkM.  r.  >M4«* 


■ 


■ 


M|^^ 


■■  i|<- 


TV. 


^  IVW| 


Of   LIGHT. 


4t 


ixxnta  made  aw  of  concave  mirrors  10  rekindle  11k  *e«x 
ftttti  «y»  the)  e»i>k/>vd  crva^jo,  or  d..slK>,  lur  Ib/ii  purpose.    Ifccv 

. 
n  i  !t<T±-  more  f«  and  jpjil  iveroi 

ODWt,BU>  be  quoted  the  .1.. 

IcJc- 


I 


te  Discr;:  mi:  Sitvatn  Cuss  Ri 

■ 

V«  ickscopes  aie  0/  the  lind  caBc  (01m  *o  well  known, 

■ 

tien*  II 

-*.    The  1  lube  (liiM.l  .11  ih.- 

!i  is  OCClip  minor,  M,      I  he  cone  i 

lectcd  m  tight  angles  frx*n  th) 

end 
fcetnW,  into  ti>e  rye-piece,  exactlyeppc 

Mttdccuof;  telescopes,  is  or  .the  concave  mir 

iin  mcuL     'lb: 
*»  timmrf  several  chara*  a  r  thai  they 

•  «c  time  filled  out  of  gcncraJ  use.      1    1  :t*  were 

tonufeemremcUittl     i  able  to  fracture, 

ftttngma  1  sudden  enangi- ni  tempi 

crtrtmcly  difficult  Bo  mow 

is  to  prevent  flexure,  the  smaller  amount  of  which  57. 
(.crformnnce. 
i  drawW  r,  consisted  in  the  fret  th.it  ih.-  ■  i.rfac* 

meul  fron  damp  e*  ot ...  .  sometimes  became  very  rapidly 

Jh  couV.  iovcd,  except  b; 

xfforirv:  tin  and  ihi 

;*tc*'A5<  of  «  new  speculum,  besides  incurring  UC  icnoni 

■ 


■««U».!k(K  •►/-<••.  t->  M  • H  *«i  i""'-    ■  •    '• 


£fcus,OBt' 

thcr  on. 
Tin  >*f  H 

i 

•  i.anncr  I  thai!  pro* 
i 
rh   Mr.  With 

■ 
1     liAti  the  b<  lum  o*rul,  a»  tfce  a 

bcfoi 

metallic  mirrors  iftcy  become  urcwhoi,; I 

bi ill: aiicy  may  readily  be  ***<  :■  on  *fch  soft  leather  in 

'Vila;   Ivriirr 

spoiled,  it  m;iy  Ik 

■ 

COS*    I 

I 

I 

on  these telescopes  hw e  Utterly  j^uncd  wrach  crou 
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the  silvering  solution  and  the  solution  C,  and  suspend  the  speculum,  face 
downwards,  in  the  liquid,  which  may  rise  about  a  quarter  of 
an  inch  up  the  side  of  the  speculum. 

When  the  silvering  is  completed,  remove  the  speculum 
from  the  solution,  and  immediately  wash  with  plenty  of 
water,  using  at  least  two  gallons,  and  finally  with  a  little 
distilled  water.  Place  the  speculum  on  its  edge  on  blotting- 
paper  to  drain  and  dry.     (r  ig.  48.) 

When  perfectly  dry,  polish  the  film  by 
gently  rubbing   first  with  a  piece  of  the 
softest  wash-leather,  using  circular  strokes 
(Fig.  49),  and  finally  with  the  addition  of 
a  little  finest  rouge.* 

A  "  flat "  may  be  silvered  by  fastening  with  pitch  to  a  slice 
of  cork,  cleaning  as  above  described,  and  using  as  much  sil- 
vering fluid  as  will  form  a  stratum  about  half  an  inch  deep 


Fig.  48. 


beneath  the  mirror. 


Fig.  49- 


To  separate  the  Speculum  from  the  Block. — Stand  the  speculum  on  its  side, 
insert  the  edge  of  a  sharp  half-inch  chisel  between  the  wood  and  glass,  adminis- 
tering two  or  three  gentle  blows,  and  the  block  and  mirror  will  separate  safely 
and  easily.  It  is  preferable  to  obtain  the  aid  of  an  assistant  in  this  operation. 
Any  pitch  which  remains  on  the  back  of  the  mirror  may  be  removed  by 
scraping  and  a  little  turpentine. 

The  cost  of  silvering  an  8-inch  speculum,  exclusive  of  the  cost  of  alcohol, 
Avhich  may  be  used  over  and  over  again,  will  not  exceed  9&, 

Nitrate  of  silver  being  4s.  per  oz. 

Potash  .        .        8d.      11 

Afilk-sugar  .         2d.      •• 

Avoid  all  excess  of  ammonia,  and  be  sure  to  uscpure  distilled  water. 

OX  WORKING  GLASS  SPECULA. 


Fig.  50. 

When  parallel  rays  of  light  are  allowed  to  fall  upon  the  surface  of  a  concave 
mirror,  if  the  surface  be  a  spherical  curve,  the  rays  will  not  all  be  reflected  to 
a  single  point 

In  Fig.  50  it  will  be  seen  that  the  rays  A  A,  falling  on  the  mirror,  would  be 


*  The  tilrcrini  will  be  completed  in  from  50  to  jo  minutes,  according  to  temperature)  jo  mi 
will  be  RafBcieatlo  tummer. 
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THE  REFRACTION    OT  LIC 
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of  the  crystal  lens  without  deviation  from  a  straight  line  CDE.  The  < 
two  rays,  fg,hi, falling  at  an  angle  on  the  glass, undergo  refraction,  an* 
bent  towards  and  emerge  from  the  other  side,  and  meet  at  the  point  E,  c 
the  principal  focus,  or  focus  for  parallel  rays.  These  parallel  rays  of  ligh 
refracted  by  a  double-convex  lens,  and  become  convergent,  meeting  at  a  | 
called  the  focus.  On  the  other  hand,  if  E  be  considered  as  the  luminous  \ 
from  which  divergent  rays  are  emitted,  they  become  parallel  rays  when 
emerge  from  the  double-convex  lens  a  b. 

Refraction  of  Parallel  Ravs  by  Concave  S.urfaces. 

Let  A  B  (Fig.  62)  be  a  glass  lens,  whose  two  sides  are  hollowed  oul 
concave,  and  c  D  a  ray  of  light  falling  perpendicularly  on  the  surface, 

therefore  passing  straight  thrc 

JL 


Fig.  62. 
ing  from  the  concave  lens  A  B. 


the  lens,  F  G  and  H  I  are  two  0 
rays  impinging  on  the  surface  oi 
glass  at  an  angle ;  these  undergc 
fraction,  and  are  bent  outward 
the  direction  F  G  K  and  H  I  K. 

Thus  the  property  of  a  con< 
lens  is  just  the  reverse  of  a  cone 
mirror,  the  former  causing  par 
rays  of  light  to  become  diverg 
the  latter  convergent;  and  if  the  I 
K  K  be  regarded  as  convergent  r 
they  become  parallel  when  em 


Other  Forms  of  Lenses. 

For  various  optical  purposes  a  variety  of  lenses,  in  addition  to  the  pr 
the  double  convex,  or  the  double  concave  lenses,  is  required,  which  maj 
ground  into  the  following  forms: 


a.  A  spherical  lens,  causing  parallel   rays  to  become 
convergent 


9.  A  planoconvex  lens;  parallel  rays  become  conver- 
gent  
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t  A  plano-concave  lens ;  parallel  rays  become  diver- 
gent          


I  A  meniscus ;  parallel  rays  become  convergent 


*•  A  concavo-convex  lens ;  when  the  concavity  exceeds 
the  convexity,  parallel  rays  become  divergent 


FlG.  63. 

It  is  good  practice  for  the  student  in  physics  to  make  careful  drawings  of 
•jwabove  rigures,  and  to  trace  the  paths  of  imaginary  rays  of  light  through 
^^  The  drawings  may  be  varied  by  supposing  the  lenses  to  be  made  of  any 
°f  the  solid  transparent  substances  whose  refracting  indices  are  given  in  the 

u«eatpagc$2. 


OPTICAL   INSTRUMENTS   WHOSE   PROPERTIES    DEPEND 

on  refraction. 

The  Simple  and  Compound  Microscope  and  Telescope. 

It  follows  from  the  laws  of  refraction  already  explained,  that  when  a  double- 
convex  lens  (Fig.  64)  acts  on  rays  proceeding  from  an  object,  such  as  a  candle, 
A  B,  that,  as  the  rays  are  not  all  parallel,  they  will  be  collected  into  a  focus 
A  B  at  a  distance  behind  the  lens  somewhat  greater  than  the  focus  for  parallel 
rays  at  E,  and  that  an  inverted  image  of  the  candle  A  B  will  be  produced  at 
A'  if,  which  may  be  received  on  any  white  surface.  Thus  a  double-convex 
lens  becomes  the  most  simple  microscope  which  can  be  used,  and  it  is  some- 
times used  for  that  purpose  in  the  examination  of  samples  of  wheat.    The 
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o.     Ciliary  Ncivet 

P.  UNI. 

<j.        I  h.    »  ili.iry  procc^cv 

il     Tim 

k  &  /"«/;;.  a  Ccnjwutfva  coUnpActl,  as  when  the  eye  it  closed. 

S,  Elastic  Muscle  of  th 

•r.  Elastic  Muscle  of  the  Lye. 

V.  Superior  Obliqui  Muscle. 

V.  Deprewivo  Muscle  «f  the  I've. 

Wi  Section  of  Oblique  inferior  Muscle. 

X.       NoVCl  -tuil    A:l'.ri... 

v.     i  tin-  t>i»t<  11.  rw  »"  the  bn  "I 

X.      Hone  fanning  the  socket  of  the  eye. 

H.d.    -TIWURI*  I0IM-    M'l'l-    ' Il  h|plM. 

Krrw*t.-r  found   the   EoUOwfag   tO  be  the   n    raCltvC    powa  -iifftfdt 

humours  of  the  eye,  the  ray  of  light  being  incident  upon  them  from  a 
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Crystalline  tens,  surface 

•i  ii     centre 
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liut  the  nqri  ol  light  arc  not  all  incident  upon  them  ■  air, 

there;  the  aqueous  honaou  :•  *  Into  the  ctyjtaJUn 

he  crystalline  LOU  the  vitreous  humour,  the  indices  of  rtfr.. 
separating  surfaces  aj  then  hum  uii  will  1>c 

m  aqueous  humour  to  outer  coat  of  the  crystalline  otjuS 

Ficon      .  »        to  crystalline,  using  the  mi    n  index 

Fran  vitreous  tociysti  ....       ,'<H4$ 

From        ■        to  ..  using  the  mean  index  .         .         1-0331 

The  eye,  as  already  described,  consists  of  four  coats  or  membrane*,  «hkl 
are  disposed  m  the  following  order,  via.,  1st,  the  sclerotic ;   2nd.  the  cone* 
which  fit*  into  i:  ISkothi   pat    of  a  watch;  3rd,  the  ■  h  raid;  and  41b, 
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called  the  ci 
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Id  in  ill  d    !•>■   '!»■     OptlCttD    to   whom   rhr  vlreltfln  Oi 

:acle  lense*  is  entrusted. 
*" These  requirements  *fl 
*  1st.  An  intimate  knowledge  of  the  anatomical  structure  of  the  eje.  «■* 

of  the  theory  of  vision. 
"2nd.  An  extensive  acquaintance  with  the  science  of  optica. 
*3rd.   A  sound  mathematical  knowh. 
w4th.   A   practii    l     H  quaiiuHicc   with   the  manufacture  of    I 

tea 
"Having  for  the  laat  fou  naife  ihr  adaptation  rd1  vpoctaclcsflty 

especial  study*  .it  thr  efUbUshmcDl  «•»  Messrs   Home  and  Thomrhw;.  I 
Newgate  Street,  I  have  frequently  met  with  ease*  where  $n 

;  l)v  the  ordinary  optician'*  improper 
spectacles;  and  1  could  heartily  wish  more  of  my  medical  well 
"  ig  their  knowledge  to  bear  on  this  subject,    which  demands,  and  frt- 
t  forth,  all  the  science,  am!  *k:Il  we  potf  i  ...  vt  the  requirements  ei 

Ifl  abnormal  caws  that  present  themselves."  , 

The  k»>  Inch  the  eye  «.  ►  the  mind  U  boundless 

live    condition   •>!     BUttBT,  0>     Motion    i 'i     rcU,   ■■: 

•nlidity  at  transpan  n  j     <t*  bnNiancT,  of  opnt  ity   nf  «uu .-  m  distance,  an? 
only  a" few  of  the  results  attained  to  of  the  faculty  •■ 


THE  STEREOSCOPE. 

This  most  valuable  and  Instinctive  Instrument,  and  r  "  house- 

hold word,"  but  ■  piece  of  domestic  apparatus  without  which  no  draw-in 
is  thought  complete,  was  invented  by  Professor  Wheat  stone,  and  subst  ; 
modified,  by  5h  D.BfWtter.    It  demonstrates  that  man  m  :«*oe«s* 

enjoy  the  appn'ci.iiin::  of  distance,  or,  like  lh' 

bad  one  eye.     Mr.  Woodward  k'vcs  tin  .■  ttak 

lent  and  familiar  explanation  of  the  phenomena  produced  by  the  »tctcoscopf- 
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obeerreo  by  the  two  eye*  to  be  depleted  on  the  respective  retina?,  and  yet  to 
appear  to  have  emarercn  (to  D    iM  .ind  the  time  ob|ect_     Two  pictures  are 
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Fie.  7*.    Brewster's  Refr±ett*g  Stereoscope. 
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\\  it  evident   th.tt    iln;    hMd    "r   Hick   cannot   be    in    »V*n    ,art  of  the  code 
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move  witfl  mi    h  .i:n.i.-in;;  it  arc  CXtTCnicIy  »i«t 

marked,  and  lengthened  out.  and  show  d  the  direction  or  pith  tlir? 

take.    A  discharge  of  natural  etoetricltj  \  it  moved 

be  represented  by  a  ball    i  fii  n«  from  one  rwim  I 

however*  usually  represented  by  a  lengthened -out  xigzag.    iFir  t>!    hiclim 
fofW    :  k  rciiixii  ■    .*oda* 

:iti  vhnoo,  thi  wool*   kppuan  n  ••  itrfci  of  continuous  lit* 

[though  divert*  d      [hi  or  left, 

ai   dun  path  to  the  point  where  t lu- 
ll called  -i  ila-h  of  lightning. 
The  act  oi  wfalanj  the  eye  is  anothi  i  i    oil  ipte  of  the  aimetrulhi 

!l.      .    .,  .:■  ■<    r.i|  idly,  t,j|    ||k 

,  , : ; .  ..■■.:■■ 

u-uuins  impressed  upon  the  eye.     It  has  been  a*. 
lntu  for  about  the  seventh  or  eighth  part  of  a  second.  tad  dihoupi 

m       1 1   |  for  the  third  part  of  a  vxond.it  depends,  no  doubt,  upon 
amount  of  sensitiveness  belonging  to  tfc  >re  * 

i  o        .    "i-  of  this 

r-  impreaavd  np  i 
!  on  a  *Ikxi  uf  black  paper,  Mid  well  illuminated  b)  ■  mnbe  un  ">  ■ 

hilllianl  li  ;lit    :l  will  xpf*  . 

white  pap  i"  |  tni   n  d  «  •' i  cat  i 

one  is  \hc  jpctffNM.    The  e>  mnj   be  rth  a  ye' 

walbt  on  .i  black  ground,  which  appears  riolrt  when  the 
rapidly  away  to  '  principle  a'  ;tajjur<~ 

been  published    The  reader,  after  staring  at  one  of  the  illustrations, 
directed  to  look  up  to  tin- .vilin,:  or  wall,  to  ctt. 

D<  Bn  ■  iirioui  rewj        pokenof ; 

supposing  th  it  rhe  eyes,  after  staring  at  any  particular  colour,  say  I 
n-d,  Ik-i    in  r  in  (I  oi   purtiull)    pamlyred  iii..    I  In 

apptxciati  ill.  I  ln-nt ,  but  a*  white  light  ism  ■  warts 

"(  OOtourei     I  -'.lit.  the   rem r  ■>.■   sets  of  waves— vu,,  blue  rn   yellow-- «aB 

Hi  the  vision  by  producing  tlic  complementary  urecn  i  ihrtat* 

lolding  Hird  describes  the  following  mode  of  dcmonsrratinj?  ihi«  t»C 
firing  the  merit  of  the  c.\penmcnttoth:  >sor  L'owprt,  who  mvenU 

so  many  elevci  Uluata 

"Cut  hi  i  cardboard  a  scries  of  holes,  so  that  when  folded  ■> 

they  will  exact  I*  c  i  .  the  whole  resembling  open  lattta 

Provide  -  »mc  sheets  of  thin  titsuc-uaper  of  various  colours,  ael< 

ling  ttnmtr.lv  defined  tints  ;  place  one  of  them  between  tin 
•  anil.  to  a  vivid  light,  keeping  the  eyi 

■rhllst    thl       llglll        "  ■"■       ■   i!'.  v     I  In-    i  I'loiilf         WtpCJ  ■■•<   n::i!.    It 

Hill  v.iii:.!,,  and  lie  replaced  by  ■  ^inwijr* 
plcmentarj   lo  thai     i  thi    paper  placed  in  it.'    ft 
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m  \B\KJ  Ore  llUKWOft  -.ill  d 

I 


■    ■ 
I  aJmrcr  of  brill  i  ..t  iron 

Mki  il  ".  11  perform-:  d  in  .; 

r  tfa 

["■:«)    win  li  r.  m  imt  upon  the  rttin*. 
to!  ihc  wo 


Ffe&fe— 7fe/' 


due,  to  vhich  r.ij  n  may b«  itnpai 

lantern, a  la  thrown  npoi  recti,  which 

ol  tlic 
nuny  .  .  ■  ry  irnpi 

made 
i.hluc. 
. 
"•4  n&  single  colour:,  sue 

i  ...... 

i  duccd 

'i|    |lii[     1 1< 

!,    Inn 
■ 
awe  cie^ir.1  tootnvon  :  Dr. 
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in  '  i     ■      ,  ' 


..( -..     m  .. .,  -  ihm 


■ 

■ 
■ 

■ 

l  mem!"  '<  ** 

'    *ntoa  far  1 

ri  lAgrd  for 

•h  tk-oce* 


tn  order  to  prod  lutcvr  neccmry 

tract  tl 

the  >p:i  bv   a   certain  occ<(< 

i    in    n.ii. 

tiom  <l   aripf  ,    rfari 

re   p 

.     lOl>ltl  Ihlvm  ;li    Hi.-     Uil  I 

rcsarc  pointed  in  then*. 

i  th 

:hc#M 

..llMoOC  hM    Si       "II 


■  ■ 


ttiexi  */■' 


p 

... 
.     . 

rtLoiiC»-ouldbc*jili  lone'* 

i  **i  iho  elx-ci:;  hi   nam. 

,:c  audience  all  ih. 
l«w  ■ '  the  curious  and  eUhontte  mov  ■inn.'      in  im.il>.-  n  jim 


bt :, 

fee 

Mi 

■ 
ttittwtiM 


l.i    •    ■.' 
\  ill  be  ad\  isoblfl  to  study  Faraday1* 


dnoBtcadmi   is     'i  i  the  ifft-i*  which  arc 

met  o4'  .   .  .. 

. 

beremadct 

■    ..    hi  a 

h 
-«s.  at>d  the  deoept- 
»h»*  t!ie>  otherwise  would  pastes*.     The  foi  oum  of  a 


I 
■ 

•  ;mon  given  b> 

131. 

,  c*»»of the ippe&mncc inquest,  d 

:*«   co£ 
reiaincJ  inm»< 

■ 

ihOQgtl   *h;idi:i*y,  ' 

■    iuri 

111    in  I,  fin 

■ 
.   locil 

■ 

•■■■!. 

it  1 .        '  r  \  -.» :  | 

,       .    . 

j         '.•Ml    ' 

nml 

■■'■      i     ■   '   *     'I    ■ '  I     '"         I   •       '     "■ 

o.]\ul  feficch  o.U  of  ullifir  ;*r:!bnaid  (ft 


,!,  i  . 


■ 


l 


id  >  iticking  ihrm  op  a 

1 1.1 1  I  -.   ground 

V"~^  pCffoci  vriil  be 

—  \ 

.  J|  fl  1 1  »nd  its  shadow  arc 


■ 


OF   /*/'• 


?r 


. 


i  put     1  be  more  rapid  the  rm 

i  ■  :  may  be  ea«t!y  observed  (l"i.      i   by  sulci 

...   | 

.1  ill...,  ti 

■ 

I  d    its   shadow  will 

I  £.  5j.     In  all 
ew  .irr  rcquir 

«*  produce  the  effect      If  a  carriage  wheel 
xtocc  upright  bar*,  ai  a  pJiudc 
£.  bf  cbwnrtl  ih«-  .  b  ■"  ■  fix* 

terhwl,  pecAur  *u*ioc  »r*  1  no  --     i    ippt         ihon    perpendicular  • 

■U  be 

Thnr 

.  ■ , 

RnpO  i»j  the  . 

rrvdtoisbcst  obscrrcd  when  the  veloeiticsarcjrreat,  whereas  that 

i.'-^et  ukci  place  o  ire  moderate.     Ji  It  pro- 

i  by  a.n  anonymou 

IcPTCd 

:•«,  wtrc  of  the  kind  now  to  be  explained ; 

I  :il,  inconsiweni   urhl 

■       M.I.       tl       |<!      ill. till)       !l    i.l       lilt 

■    . .:  write* 

lined  by  r. 

...  -.liilitrcgardu  n« .  inv 

Uipacc  brtwv  i<  wtfh  *  jnitc  also  cut  out  ■  •! 
*»f**-  .ciion  of  it!  motion,  it  will  be  stcn 

..ieeJ  ore  al  rallcl  to  th  ■       ■       .  and 

■I  uV 

1'iotion  of  the  i 


W; 


**i 


ii  «if  (In-  «Y«tvm,  ;<*  dcvci  iljctl 
jet,  ■  is  be  obi  i  ned    '  plenst  n 

i;.].-    ,i(»j  n   !|   lllClC     II 

; 

■  Vfwighl  upon  iho  middle  of  anrt 

•     ii  Hi  -sentcd  in  >!£.  &>:  the  mil 

: 

met  wur  bi  fo*  the  support  ol  two  axes,  on 

.   <■'.  wirv  I; 

■pc*  It  a 


ox  i/ci/r. 


*.mb*  move) 

■  if;  manner      * 

line  sand-paper,  attncwl  by 1 

as  to  move  Hem 
right  net! 

■  aril  ll 

■ 

i— -^  .  s  th<:  t»> 

_   *»/     roller  ppMlttdif 

=/  ctj' 

ratio  by  khll 

■ 
*  Tu    (xinlutt:    i 

ll     !-.'     il.  ■    I 

it«ri!  wilhin  ihr     |-  nut  i  . 

itssca  as  ia  axis  thimi.h  Ih 

■     i  Kic. 

pi*.-.  it  and  over  ttttb   p  Bcj    fixed  on  (be 

■ 

rev-. 

ition  will  ! 
fi/uics  87  .mil  43. 


z 


vu.  97. 


u  This  .Tppant^i  h.wi  t->  carry  wheels,  c  thcr  with  cox*  or  rpgkvs, 

■ 
alKV.7  in,  i:  ;> -r»i  »'joki 
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■ 

:  anwl  with  th  ngrmcni  old  be 

■fid.  or  ttc  wheels 

'l:JC<d 

shown  to  mc  by  M 

lii   Mill 

pbH  t..  ■  .,      i  llt  i  ■  .mi  ■!  ■  flu-, 

C*Ch  tfcc  ipj»'*!.'  nl      l  thl   ; 

of  crtf*  '  lUtON    1'" 

•  :1s;  but  when  a  position  v,.!*  taken  up  »o  lhai  H  •   wli 

■ 
.  woe  m-  I  ml  perfc 

teeth  mthcwhoelnx 
c>rtJw(H*f  ,'!"■/.  .«:• .  the  ejfC  eociM  btbrm:'.:?!'.  'ii!(i-H|i!olni|'.iM)    if 

I 

ttwni  prri  .-r  uf 
"*j*   CXACtl) 

■i  I  \i  uli 

JKTKl                                                            It  '      i] 

in!  v.  in  ii  ii  .  .it  i 

rooden  roUcr  on  its  &n%  then  the 

*  -Ii  in  it 

lie  di*Tenceb«wcenihc  velocities 

•    Kli  the  '-    : 
lbrvi>: 

.      ilti    ii. i  ionn  of  lint''  -mi!   >fa 
•1   Tfcerr  arc  n  -  nnd  othei 

ntiii  li  h  II  b(   .i 
ttMood  when  ob»<CrTod,ona  which,  far  brevity  s  nkt,  I  nrfrainfrom 

ih  (Tic. ,v- 

C*Vc   »*4h  ■     Whl  D 

ok 

f  ill  ■ 

■  .i  i  ip-wticvls* 

i   in  %hade, 

i 
i  h. 
i-jieamiKc  ir.  «ch  enses.  the  p.irts  o) 

:•-  tyTCtrcul  i:er.  The 


•:•■ 


OX  UG 


ikirk  r;i<lii  in  the  »ci  unci.      IM.nmg  llie  wlirclt  In'tweeti  tin-  < 
..       t    ./hit.'  v.. ill,  or  .t  liinai    lamp,  .insi ..:•« rry   well   for  tin-  hi 

for  the  second,  merely  \  u,  and  alt' 

puu  ol  the  wL  •  I  10M  ards  [hi  eye,  whil  ■  :  th<    b  ■ 

nty,  n  .ill  t  I  *  ilv.  thi  •  h 

with  une  eye  only,  but  it  i»  not  often  th.it  vision  with  two  eye*  disturtn 

■•ill  thoac  appearances,  when  poinvd  oui   1     affici  ntly  olmow, 

and  immediate      tdi 
striking,  which  ire  d  The      ■ 

known,  ol"  1. ■;  lining    ri-ii.il    inipi-    ..H'lix    foi    ..    ■    m*tbl< 

On .  way  recurring  ■ ns,  made  mfrtcientlj  m   1  1  1 1    ch  other,  are  pero 

tiMv lecccd     ad  1    "  '■   ;"  ippeai   111 1        -nm.    Tlic  I  mm- 

11  ,n-.  i  m  ii  vfaihle  when  a  liyhinl  coal  0       p      i    whirlnl  round,  fhr  I 
tpp   1  mo  "t  the  Kalcidopnonc,  the  uniform  tint  spread  by  the  1     0 
one  ol  fhc  "poke  or  COg  wheels  already  described,  are  lew  ol  the  mam 
of  this  load  which  are  well  known. 

•'  Bui  -.luring  such  unpraasioni  the  eye,  although  to  the  mind  occupied  by 
U  ottJOCt,  ii  still  open,  for  ;i  large  proportion  ol  time,  to  re 
from  other  •Dttfcei .  for  the  original  object  look  xJ  ai  to  p  ■:  in  th 
as  a  screen,  and  ibul  out  k11  eli    from  light.    Tin;  result  1*  that  twy  . 
m  I  1  exist  before  the  eye   n  on    .  Ucinjj  lupe 

The  ichoot  l'  l  '•■[>'  mm K-ir  of  faccinu  T ><»i 1 1  udut  of  .1  whirling  li.dfjwnny  *  ibe 
same  moment,  the  app>  ara  ice  of  the  Thaaunatropei  and  the  Iran 
fin.-  revolving  i  ■  ■  lecls  referred  in — inconsojuen      ot    ■ 

obje)   s  an   icen  through  the  thaded  part*— are  ail  effect*  of  tb*»  kin 
ur  more  distinct  impression?,  or  sets  of  impressions,  being  made  up 
to  the  perception  as  one. 

'  "So  it  is  in  tin:  :iopv.ii.iin:i:.  p.iilit.ilirly   referred  to  in  this  paper.      !■ 
ore  the  natural  results  of  two  or  more  impressions  upon  th<   1         ■    ,:i     U 
not  scniinlv.  disiinct  from  each  other,     if,  whilst  the  eve  i 
series  of  cog?,  like  thone  represented  by  :lie  enntin 

rapidly  before  it,  lb  nu<oi 

tint  to  the  eye;  and.  for  the  pulp' 

following  nut    it' 

lupposed  the  cogs. 

the  rye  and  .1  win;.-  !>.i<  L 

\*  then  n  hary  semi-tmnsparrtr 

another  seen 

■  <  1a1 
as  to  give  no  sensible  angular  djftcreKti 
to  the  dimetuion*  of  the  cojj%  paaaal 
equal  velocity  m  the  same  direction,  it  will  produce  Us  corrwpondnc 
If  ili«- 1»     let  of  coB>bc  vituaUy  Buptrposca  in  part,  i-  m  the  figsjci 
will  be  no  iltcnitiun  in  the  un  forti   t]    »i  the  tint.    If  1  u 

11  k  -  to  tl     right  "i  left  of  the  other,  then  the  sup' 
approach  more  or  lea*  to  the  tint  of  the  shaded  ft  of 

"I"'  :1,      ncl    h     :  ...  cm.       I  In  1   if.  111*11   id  r»l 

(V  qual,  then  !<■:-*!  1  I; 

■:■  .iy:io.-,,l|  it'  .  I  r|,,    superposed  | -tr 


rEk- 


8 


lighc  :if<1 «  tXenftern  rapidly  as 

twotetsol  .   h    int 

■ 
broken  U| 
n  the  velocities  of  both  are  equal 

■ 

.    :     |  doCll 

fboit  si*'  i  In,    i  In-  h\i!iU    i. -.ill 

trill  i*-  easily  undostoa 

ID  tli-j  pari 

icily  -.he  same  time  i  foe  the)  begin  lo  ocvci  it  and 

':*  wLu  chewe  c»/;*  h:ivt»  aoni  will  bt  perfbci 

;■■  arc  equal  in  area  to  ihe  spaces  between  ; 


m? 


I    G     . 


i  ■  if  -J  the  background  come*  En  ttu 

■3  pradn  ■  .-   ni         npn  Bui  witti  r    . 

<*oifl      .  I    ivn  .ed,  the  cog  a  is  just  beginning  to 

has  passed  ovi  ,•>*  of  the  cog  <■ 

at  cop  will  th  do  it  until/ coim-    i 

'■Mis  I  ;Jcn  ;  no 

^ffrpwuJ,  M  jut! 

j  and  /  c-'  the  i'ili'i 

i^hi  space  in  the  tot 
ikcn;: 

In-  (bund  in  !  ■ 
■  .    pi-  .  i,       dark   n  consequent  i 

..];*.  ly  superposed 

i        •  i  .  .i     n  >z  A- 

I1  equal  wheel »  wvth  fixed  spectrum  produce 

uprrpctc  e-acii  i  twice  the  nui  itiitr 

britu:,  nf  coiir*  i  :  mi     whit 

the*  on. 

'cprescnis  the  fixed  spectrum  produced  by  two  equal  *  heels  of 
WT-  »  jrr  nan 

!i. 

Ill  Air  ^ 

:inmt*lly  . 


*3 


O.V  LIGHT 


it  is  unnecessary  to  dwell  minutd)'  upon  them  he  ;jilc 

whol  of  these  cn^ta  perfectly  intctlur, 

"Ka  Uttle  rod  of  white  cardboard,  five  01  .  and  omc  I 

ol  an  inch  wide,  fw  moved  I  from  ri£h 

bcfoi<  \n  obscure  or  black  backirrou&d 

d  B  I  lit    '-  ft  W*   C,  ■."■:t  the 

il  j  ngh  which  it  moves       rs 
held  and  moved  in  th<    otn 

■i  ;  but  i! 
OOV  bvmowd  to  ancl  fro  behind  the  other,  .d«*i  n 

t!  .  i.     u    •!,. 

•  [{on  "i  the  two  ilnti  wiB   be  *■»■ 
-iinu  linv  ..  id  i    m  i    ling  the  opp  i 

■  ■l  ill.;  quadrai 
1- '  square,  according  to  the  motions  given  lo  the  two  j 

bond  rodi  ;i  ij.  94,  n). 

•  1  i  us  appearance  is  visible  cren  when  the  rods  arc  ••> 
apart  from  Oich  other,  provided  they  ire  visually  superposed,     tl 
ilr  as  in  tin-  formoi  case,  and  (he  black  lino  w  in  fact  the 
interscctmir  poin*  of  tin    Qftoi  tolhrii 

■   ■        of  tin*  ["•  tK  ch  '!'-■••    una,  whe rev*    i 
the  background  beyond  win  in  lac  tillici  part*,  and   ee 

from  thai  ipol  Lo  the  eye  than  &01 1  thi  ";i tions  ol    : >  pound 

iriim  produi  ill  bj  ili<-  mot  in  :  1 

KIn  thu  vvpcnmcnl  thi  eye  should  be  fixed,  and  the  carl  looked  * 
be  between  the  planes  in  which  the  roc  a  arc  moved.     Tnc  variation 

(Mis  .md  looking  ;it  a  white  ground,  will 
who  tina  it  difficult  m  ■  >!>  i-rve  th»    .-if..  :  .11  ii 

rod  nearest  the  eye  is  bl;ick,  or  held  so  as  to  throw  a  deep 
id  ■  I  :u-  •    iIk-m  much  morcdlstinct;  but  thee         ■■  nl   not  quire  the! 

hut  nOOlly  IO     il  wiW     1    .      '  :  itxclf.      Two  bright  pin*  i  prodt 

effect  very  well  in  diffused  daylight    and  thi   line  produced  by  ihe 

■  .1    .it  belonging  to  the  mb  ft,  are  cufcil] 

!u'd     .Hid     M    j»M.ll<d. 

■•  If  whilst   1  tingle  bar  is  moved  in  one  hrind  several  bars  or  a  _ 

11  1    th<  n  spe<  tl  to  iln-  number   nf 

rmtc,  art  produced.     Ifoni  pwic  is  m I  befori  nnotht     thi  1  •'■ 

proportionably  onmer;  iu  ;  or  if  the  distances  are  equ  locitvl 

same.  10  thai  many  spectral  line-.  ma)   coincide  in  on 

th   :  u  marked,    [f  the  bars  used  be  serpentine  or  curved,  the | 

[ht  or  curved  at  pleasure,  according  as  th 
motions  ;ire  arranged  so  as  to  make  the  interacting  point  travel  :n  a 
:n  .my  "tin  t  lino. 
"  T  -  ranee  produced,  when  spoke  or  cog 

■      ■ 1   olli  1,    iliei     ■    di      itbci  .  w  '1!    hum  ilj 

lie  wlieeU  prodm       uret-iwb    thi     ■    in.    effect 

held  mi  the  :  .it .!.  and     ■■   6 p     tio     0    the 

pop  the  i".  uiTcncc  ol  the  intcrsi  ctmjj  or  :::d  ng  [x 
Is,  srovided  the   >|jpn*it<   rnol 

Wni  ■.machine described  1  Kie..  . 


Bj 


n  the  wm  .nim 

nur*.  :  iippcaitc-' 

trf  the  fnstzit  wheel ; 

[]]        !■■■■■. 
*     . 

MnristBce  •">■-  V.  ii  >ti  it  ready  dctcriberj,  in  itic  d 

KaUii  u.'  the  firtcrf  *'.  '-hxii 

i 

:  '!. 
ttica  OV  other  irbcel  Kill 

Xi.'lhc  eje,  or  rather  any  one  part  o 
:      .  ..     . 

h   effect*  ait 
«cd.     When  Ac  m«i  n  of  i  ic  wheel',  upon  the  machine  u  in  the  fame 

edln  the  prolongacfaa  of  the 
pponi  tli u 

Sir  to  one 
I    !  I 

But,  when  the 
t>  ^pEMiiicc*  ju*i  otrorn  then  becomes 

^Br  ftkerruftty  b^M  ,nnl  il.irt..  .<■  ■  ecd  CJieh  othri 

,\  m  eh. 

•nth  r>dn  •  is  easy  to  observe, 

P|afcttuavtfeeaaticB]  ..ppearincc  already  refefred  to,  as  exhibited  by  enr- 

okcdtt  ebliqutfy,  m  u  to  bo 


■ 


n  part :  and,  pr  n  >lboth 

i  hoi     -iih  rouaJ  ■    '  ■      i      the; 

.i     i\  liecl    tu   thr  ;ixU 
ilinc    in    <li  poMiiiui    i how 
. .  ■    , 

I  ffcr  ■hcrl*  reinlvr  m  «  pp  mis  then  the  ftpcctral  I 

r-^c,  bnv<  lihon,  and,  itiM 

ito  ifce  olfcer.  arc  di*|H-ne.d  ^*i  Mi).iIK  like  il. 

n  i  ili  it   I  he  curve*  or  ihc 
k  appearances  are  similar.     A  vt 

' 
o!   (hi  in  in. iv  he  follow 
^  apuvwKiAif  w»*  \^c  two  p  d  rods  already  di. ,.  rtbed,    ■ 

tnvte-J  <i.<    ■  ( .t  wheel 

i|i!y  by  i 

ran**  i' 
;Hprv  i  .ii  spi  ■"  -f  between  the 

icd.       II    the    i|j|M.ir- 
l«f>  or  candle.  I  .         .      ,.   icld  t>>  the 

e  ur- 
ine \wa 

:  in  and  dii^o;  ;  he  former,  and  arc  «vcn 

6- 


UG/iT. 


more  distinct ;  they  should  be  ricwed,  not   throatf;  T':*"  uppcr 

•ii  the  lowcf .  their  explanation  has  in  pan  been  givco,  and  wi 
.  ■ 
Return  mc  to  the  COnsidtAJ  If-    Rose's  Photod: 

r,    theconstnj-  uplo,  wd  not  lil  ;  out  of  nt 

It  r  riwopons.  pari     -i  <f  a  unce-abe 

four  fcctindiautwtcftprovidcdxviili  kca,andwh 

the  bcits.  ■  i  Hie  uflwl  U  driven  bj  mi  proceed 

illcr  llving-wlitc!,  which  ii  '  <^<'  tehf^H 


;.  94.—  Tic  /acw  fitrtttnttf  R*tS*  Ptotefrtmt,  vis.,  :\'  /rf'yr  W  /«** 

arranged  on  o  platform.  <>r  Mhtr  GOtlVVni  n|  pi  ice,  tlint  a  itronr  lijrht,  an 
in  .1  i.inii  1  1  with  .1  proper  lens,  costs  lu  raw  through  one  of  tv 

1     -■■"ill  ■  1 1  -  -     .',  I*  r.\  i^i,  about  lwnfi-«-i  irid.tinc 

■■I       10    11      he    '..i...v.  of  the  forge wheel  isdistinctf]    hr own  111 

When  tli*   lame  wheel  la  certain  ■ 

from  about  250  to  300  re  volutin*,  per  minute,  obtained,  all  the  spoke* 
shadow    o1  inem  diBflpocar,  and  '!i<  1  th<  coriou-  rfTcct  ol  el     rim  cm 

ill'.-  wh  -•  i  1-  &ho"**n  revolving  without  mi)  1  cction  with  the 

IiM*_      \vi  ;      i 

through  the  ■pokcV  ofthc  real  wheel  to  tho  .<■  of  tri  wheel,  he  w**J 

the  curved  lines  described  by  I  obtained  by  him  with  his  ;r>rdbc-*» 

models  In  Fig.  86,  p.  77.    In  1  ible  position  th  ■  tudrw 

wheel,  with  mum-  Unn  on  .1  :.<1,  l»nm.  vUililc  cm  -.  v.j1c  ao& 

prnhaMy 

These  eth  1  '    «\n  sviih  ih<-  Luge  wheel  atteni 

the  tccond  portion  oJ  the   tpparatu  (  .1  «Iim   about  two  fret  in 


P£A 


nix 


•* 


■:.-,  J 


ratter,  and  pr  ;ik  two  apertures.      With  .-in    ingenious    tlitEnfi 

tvmrni  :i  h.  obtained,  if  required,  but  two  are 

fried  <V*  i! 

,..»*-  through  tli. •-(■■  aperture*  i 
i  U  in  motion  an 

moderate 

Wy  *B  UlC  IpoltCi  A:kI  tlu-ir    .li.ul   ■■.  hazy 

bdiai;  .  but,  a*  lb  ,  increases, 

medy  apparent,  and  the  Urge  wheel  op|  be  gotoj 

II.     The  next 
Hatha  can  Bpokcfl  to  be  multiplied, 

•  Sve  ;  thus,  tony  spokes  and  v     d  ij 

»l*ck,  likr  1)1    o  .   it  ihftckiuf      'I  V 

the  igi  Et  up  1 

It  w.     Mir 

■.'..... 

■  t  to 

.   ■      | 

■   it-\  |     th< 

'  itc  of  one 

i^^Hktt  ">  -»  mmuic,  ii 

odviul  by  the  t'  be  large  wheel  "I'l" 

U\ht 


UGHT. 


Intent  to  a  number  of  working  men.  ;it  a  h 
Cb*x       ■■  ■     I  titan  i  sc  from  hi 

1    ;m:  (lie  |iorp  w  of  I 
nras  n                 i    .         .  topped  the  man  in       n< ,  .      bi     ■•■■-•W  pro 

law  I     ■  ■  .  i' ■■■■'.  s  ol  ilic  vlicd  nhn.Ii  tt;  35)1 1  I 
•l>on«.     This  incredulil}  T^*" 

of  thai  teaching  which   groir*  up  nith   ua 
I'  'j tfho  had  evid-  i  optical  Uhi* 

ttflorv.   ;iti<l,   ilonh:  N'f-     RO*B    !  ■>• 

experiments,  he  discovcrxd  that  the  eye,  like  the  car,  is  c*«t>'  deceive 


LIGHT    AND     COLOUR. 


SPECTRUM  ANALYSIS, 

AtlKRRATION    AN'tt    A«   IDtDHATTStf. 

Tn  the  frontispiece  of  this  book  is  shown  the  beautiful  apparatus  atl 

tO  I  he  DilbOtCq  l.iuU-in,  i  i  ii  il.i  mi;;;  lllCCld  till    Urilp.     Such 

itx  b*o  i :.,  tin    mi.    ,)     ,    ■ 

Isaai:  Newton,  in- 1 r  1%  twoanodrcd  yeu»  Ago,  to  effect  ■>   objeei 

ili    doenmpcaition  or.  light.    The  j/.i >.  *l  discovery  m.uU-  liy  Ni  wl  »n, 

SEHX  167J,  that  light  is  not  of  a  simpu  hut  of  .1  compound  n  itui 
shed  by  the  help of  ft  prism  (rin  optical  instrument  already  d 
tbrOughwliu  '.1 ..  ,■■:  was  pcnnitK-i.1 1  No  doubt,  whilst  movJoxw 

Snsm  about  in  the  light  the  production  of  colour  mighl  have  b 
Iscovitn!,       it  would  have  been  by  any  other  careful  expc 

:  u>  I3   happened  tlut  the  discovery  fell  to  the  lot  ol   imind    .IhwJj-wB 
I         '«ed  to  grapple  with  difficult  pi  I,  and  Newton  w.is  kuoii  aljffto 

coi    face  himself  Hod  others  thai  be  hod   molysed  Ughi    m 

Red,   Orange,  Yellow,  ("Jieen,  IJIue,  In  '.I  »i 

H  -i.  wu  light,  not  onlj  n  fra  t<  d  01  \x  >  1  from  it«  nxium 
out— a  phenomenon  tu  which  the  term  d   pi  ;*ion  is  now  given.    Other 
Of  optica]  instrument-,  poss  n  thi    same  property 
.-ind  hence  the  edges  of  the  pictures  or  images  thrown  bj  'cm** 

. -..'.v  colours.      In   what  on         lied    ichromatK 

1  :  agreeable  effect  upon  the  eye  produced  by  ordinal 
the  colours  neutralized  and  destroyed.     The 

put  of  fCgultr  education  isnowfullj  ed;  but  schoolmasters  haiT 

niperintend  the  manufacture  ami  collci 
put  together  a  voluic  battery,  for  the  purpose  of  uhl 
uciura  or  tlu   d»ctric  h-  '  .  ...  of  " 

■  ni  of  expennv  ntaJlj      If  ■•  ma*i  r  • 

pi    Hi    ipli  ,■,.■,.        1  .  |c    1  1\    1   lohlllg       l(-   NhU    I  ''    I 

uinbcum  of  .<  grcatn  or  lrwr  diameter,  determined  by  >. 
ntei  through  an    p  rtun   into  th<   il 
fouldbc  mort  disposed  to  impart  this  kind  oi  kuuwledgc  to  his  boys* 


ui<l  v.  alt  the  hdu  uf  an  instrument  c-iUcil 
rf,  the  Will,  -illi!  irrnfo<.  I  'ill.    ib*  ■' 

•%  be  retained  in  aiixoi  direction,  notivntl-istanding  the  apparent 
nxive.  of  the  smtL. 

mo  a  solar  spectrum  of  the  most  perfect  kind,  the  aperture 
h    al       ■  it  not  mor  idctfa 

..:    r if  Ihv    p 

^^Hir  v  u\\r  degree*,  *  .il.iir 

n     i    iini  '■  ■     i  ivi.ini     in  the 

i  ciiil.i-iun  trie   1.  nip,  r  univ 

pi  ■  i..      I  i  .     »]  i  !it.iii>;h  j  wry  narrow 

made 
■ 
■a  another  d»j  i 

■ 
■  r.     After  passing  throuj, 


l  rtry  d*>p  • 


$8 


mo»i  vivid  e 
The  xven  coV 


^= 


m  liont;  hud  if  ihctul 

than  on  toadoubl 

.  o:  Into  ..  'B, 

97),  or  by  allowiriiE  the  ipcctr; 

"other,  m 

■ 
. 

ihc  tWOpriM 

other,  jml   in  ixd  are  thru  rtyjn 

i 

•1  *ad  r- 

■ 

In  it      D  -..tUCB  »nTTi 

and   b; 

to  rcrVcr. 
■ 
'  y  br  breu*, 

■ 

n  colours  it  mn- 


___     Fig.  <&— Apparatus  i^/A  s^vtA 
Vrt*Mfifititifiii<ftj£k:*  ■>** 

i  her  art  oot  oocuiderod  lo  rcprttt 

'UK  of  Brcvittr'*  m.iu.:rly  essays  inhot  in  which 
prove  thfct  chr  ipettrum  b  nuintfy  per\  *■:><!  mtfc  the  ih- 
red,  yrifc*,  and  blue,  from  which  Ihc  «hcr  rot". 


•  t5c.utfli-.VMK*)»-«j  »  taMm«ti«lnv*i  .a«wt«T»f,»,(r»7i 
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■  I.. 


.  wcr   i>f  .• 

I  .IN 

■  1. pon 

fe£  f  each  colour,  and  all  wtru  th  I 

unoibcr  pr.  ai;  jnd  finding  thai  Ibis  >  ceo  ml  , 

no?cihc  special  colour  um  jrotta 

ocacludcd  "Thai  tfc  each  different  colour  hu 

I:.  In  lumioj  *;..    iui 

impound 
■»■!*••*■'  injj  eupcri- 

'i       gciicrull<   u«ca  I   'i 

1.'                                                              tin  1. 1  while  Ii  !u  n il!  be 

•  ■  *      III*                        -ifTipIc  homocci I  u          '[i    blw 

Intl        .  1  while  light 
!j;U                            wheel,  And  thrrnlrrar*  which  thi 

which  the  Woe  '  or  which,  when  mi.vol  w*h  :hir. 

fortt  colour*  fti 

the  prinn    :  trurn      r,  wluM  1*  the 

let  tkc  obi  en  or  plaice  his  eye  behind  the  prinn,  and  Eooli  through 

■ 

Mr    .  :       jjlivin    tin*    H|»c    I  Tumi  .i\  ftu    l> 

t  I  he  jW<  the  «»:  wni  a  iho*  a  on  thcicrcca.    1  ■ 
n  1  *ccn  the  eye  and  the  prism,  and  aremtu 
1:1,  numliei  01  i:>  diflcrral 
A  panJc^Up  ti, 1.  beortntht  ■    thi  red  space*  thi  vhol 

♦enrang?.  ajrrca:  ic  green,  a  considerable  part  ol  the  blue,  a  Ufctlfi 

hi      iolct-     The  yellow  >, 
*-*n  miKh  xtoorted.  '••  ott  of  ihi   -- j>:if 

*»niy  covered  by  ihc  onngo  on  one  side,  and  port  of  the  space  formerly 
■trrf  Vy  die  KRcn  on  the  uihcr.     !!•■  ■ 

•  fcBff*  i«  xbscirbed 

■ 
rnV-w  k&hz,   constilucod  .  iid   luu 

n    li^lii   whit  h,  wh(  n 
yed  wi»h  :hc  yellow  .  part 

*  '•**  jreen  low.      We 

ion,  'Iceomposed 
■Iwaid  blue,  aril  oi 
*n*o  >eI*ow  ix>:!  !   it  conic 

J  follows  th*  th 
um,  chough  they  cannot  be  decomposed  by  pr  rcfroc- 

ntnt 
•ict  of  (Wbav  ;*, 
■  .  1  ..■■..  .'■ 
I  h 
C  spectrum,  .ind  ihe  mod  j    prod  1 

>«dar>  o* 

1  n  i»  the 
ks  ipc<  rf  three  primary  sp:ctra  of  the  sorr . 


9* 


. 


$o 


OiV 


:  red  spectro 


Sow,  and  a  blue  spa 

■ 

'!   ■  ■  unnj 

[hC   :-.  M  Altft 

at  lh«  '-il  curve. 

bcw'i  inatcoflhc  :h  we  may  suppose  :o  be  i 

ndtlcd   to  tfl-u  "!    I!'     ' 


-    ■ 


^ 


Ftu  joo.— /rTrxrAtft  Dirxt-  VisieH  Prism* 


be  i.     Hence  the  gntetiil  ordinate  v/ill  bt  \%-     N 

■  ■I  btu Ice  «hnf,  >"  -!i  11  ii  ■ 

is,  the  oomp  iund  uni  MY»i 

mot  be  separated  by  the  cm 
d  absorb  7 
■ 

..ful  to  m< 
with  btiulphldc  of  orb:  m.  El 
■ 
b        ■      :■ 

.  hi 


•  rni '«>>:«  *  m4  Aify  «*■  c  ikrovflfiHl 


<m  1r.#.wT.<«per^-iJi  uttfcc- , 
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AL  PfcOPfcM  0      i 

'■W  \h*ftri\  ln]«a  rj}  (if  UkIii  malroc 

...,„-  iini  i 

.fcfct'r    •  If y  11  itC*. 

|  -.v..   I    ill     till  .1;;    III  <l,    ■  I    ill 

:  tfully  dxiduotcd  *>',   !l 

I 
fcfcf  5  to  its  maximum  In  the  rvd;  bul  most 

■.-vjtinn  bcYOnd    UiU  timid  of  ItlC  villb 

:  1 

•■I   tin-  spcctnjiM 

rsiArV. »'ti    .  ii  ijmim.i  ■:■-.'.  1  ,..-(»  the  region  of  dork  my  1  be;    od  the 

|j*»hi  n  of  the  dia^rAm  rcpre-< 

TWcti'  m<  ■;  poetrum,  ■ 

;.:....'■:  ...ml  . 

*»!•(«,     UkM  *CU  *$  Q  ihcmlc.il  l.-cnt  no: 

fcwtr*  *ilv*r  -a. i'  i  nd    'Ii 

M\  >- .:      i'  *    -      .    .'.tiuill.       I>1      !!■-•  ■■'.!.■■      ■',,      I  1       Wo     •  ■  :•'      1      i.i.    .  u.l   iln -. 
'»«*  cfccti.  ■   -1  in  .n 

**ck.  in  a  thousand  lyj,  is  now  made  tubscrvicni  to  the  Ttquirc- 

rhJudJ  inset 

'Vnnii.il  th^nfr,  xrtd  thi»  once  Ix^i-un  may  ■    '    r  co- 

r  tvir  <s  produce  chemical  An 

••■BlDlvffpUte,  with  an  cnt:rivin^pja<  d  n  xlt,v    '•■-•xpotcdtoliuru  ontil 

I 
a*  »ooa  obtained  I  whilu  a  Ion 
;a  Lbc  uxxk  | '  .  placed 

i.i  • 
?>.  an  iep 

k  imI,  l»ccn  considered,  and 

ttiflf 
:mmcn:«  :1  art  ion  "  »t   others  whirl. 

jjhosphorcscnic  '  or 
1  h< 

hepho*-]'! 
■ 
,      .-:'■■  ■ 

lOKope,  m  which  iiibfcu.net".  •  m  b 

Mlrr    i-.'i. 

I.i-  h    .in 

been  .nlilcd  to  th>    lo 

.  •  .iSTri.-'.fii  nli  J  in .1111 


ox  lie 


I  ii|mi-i  n   [il.iic  rf  y'. 

■n  ilicir  vilmii' 

■-■  phenor:  h   l'rofcssor  Stokes  ha*  tovi 

■Jte*re.  t! 

>0lulion  lif  oulp^Mr  ■  ■' 
. »  pm«: 

'■    .  i' :  of  i  .vita 

■ 
A  tube  " 

in  i 
■ 
and  1'rofcssor  j -mnw  made  of  ^  i-*".i 

obt  mi.  ttidi  in  i  lo*; 

•\  on«  ;  ai 

' ho r 055cm <:  nyi  o(  high  re  7  com 

1  each  other,  and  ut  only  to  (n 


r 


Tici 

f  the  present  century,  in  ihe  year  1*. 
nc«d  tli.it  he  li.nl  discovered  n 

■  I  .1       "I  : ru  1: 1,  form'  mh  iffe 

This  tcjj  hiimltl    U  ;   nn  >••/ 
to  a  series  of  mott  \m  which   is  !ybrt»m. 

.  n  .iu  h  n  1  ■  :y  condm  kg  ph.< 

■  to  the    I 

.   !:.  m   ihi    ■ 
ii.  tore  .Mid  .1  i|i 

lajpi  /;ownnj;  the  / ■■  peel 

ufc. 
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i  have  been  particularly  dii  '■■.]  arc  marked  it. 

r.   I  -  ;     IOI. 

■      'its    n<  .1:  the  ci\gc  of  lb*   !•  il  .   n 
i,    lini     -  ■    Mi  d  .  1    is 

I,  the  middle  one  I 
id  It    n  the  violet.   These  spCLi.i  •  •  cart- 

as)* d  -  tve  rernainc*  d  points  of  referi 

1      .     -h      ;  dent  anv  idea  of  the  mime 

niv;!tuut    iht.-  whole  length  of  [| 

[|<     rti.'il   VI     :!  ■   ■     !■■  Vpcri- 

;    ■       ...  ■  ■  •  1  - 1  ■ 

tii.nivin<    ;    in      10  ■..■!  Ivm  ;.  .1-  the  -  i  "  I'll 
1  .  !ii       .1    1830  Simme  constru 

In  iRjj  Ilrewster  card  Uycatmine* 
pt&ut  '  m  obtained  from  .mi  nrto 

lKc;h  ;  it  first  he  though!  they  were  id*  iticaJ  wil 

hntntho  solar  spectrum,  hut  Professors  Uanicll  and  Miiler  proved  thai 
dmvu  n&!  the  case,  and  ill  11  th  iced  bj  the  absorptive 

afitegi*.     In  A  .  ■  ■-.   WaeaUtooi    observed  thsl   ti  -  -cent 

I  *«SB«r  d  by  the  electric  discharge  through  metallic  pole*, 

ired  Inn-.  He  com  :  Lai   tin 

.li  •  in  mi  iht;  Mil,iii!ir,iiion    .mil  ignition,  nut  the  I  urnbui 
l«  matter  of  the  pole*  itself,  av  ihe  i-nnc  phenur 
•Umol  in   hydi  Ihal     ihcw    difference*    of    spCCtn 

-1. his  metallic  polr*  "are  so  obvious,  that   oni    mi  tal  Diaj 
■ttill^  t»c  tint  iii^ui  Nhcd  from  an  Mtln-i   b)  Lh<   v  nil..  KQa 

srhtfel  of  disci  tuinnting  metal  In.  bodies;  more)  >•  adity  nppli- 

«»krr<n  than  n 

Hem  true  this  prediction  proved  is  shown  in  the  construe 
**iad  uae  of  the  appcuttltj  1  to  obtain  the  spectra  of  1  1 

NjlliUJils  for  the  purpose  of  comparing;  theit 
tool*  ■■  the  li(  ht  of  the  sun.  the  rued  stars  &c.     The  apparatus. 

>fck  ITurjiin  mil  MiUer,  and  applied  to  the  I      real]  bodies   Indud 

1    l     :..  ■    !i.i  f  i.f  il  :»  [il;i.  rd  .1  r:(;lii->i 

electric  sparks     ibl  iuv  d  fi  0  n 
1      linroi   through  «n  Hperlurc  to  the  priam,     The  I  * 

1  1 ,1,  M(l  I,  ...  ,,1  Id  be  .»t  cmei  •!  by 

with  >  milar  Mai  1.  Inn  i  nbt.  m  ibli    I  OBQ  solar  llfchr.  and' 
*tjro  atcrntihrd  with  each  other,      It  remained  For  !im  .11. 

n  up  ail  the  labours  of  the  clever  men  who  lin  I  ti 

1  read  Fraucnhorert  black  lines 
iich  they  hod  at  lose  discovered  b] 

jjborajc  e*i  ice  Kircnoff's  discoveries  Mr.  Huj  nd   Dr. 

a  severed  in  the  tame  pith  of  spectrum  analysis. 

■!     1  i«  ov  ing   the   nature  «  ihl 

■'*. 

il   li  i*  l  til  n  '  1  lluiiv n  I  oil     11     .   -,-  they  skilfully 

Plspcd  the  wtkJ  (hem  to  n  perfi 

iWikt,  howevrr,  h.  ic  year  i?>*,  1  li.  nias- 

ii     ■  0  ire  I  flames,  and  speciulf)  1 

\tm  nWm\  )t  gave  Urewatct   the  idea  of  the  monochro 


m 


M 


ox  ucnr. 


;  nit      1<  ;:  John 

Herscii  mat,  "  I  hi  colours  thus  communicated  bydj'J 

flame  affords  m  many  case*  a  ready  and  neat  way  of  dV-ieainj;  extremely 
minute  qpaj   :ii<-.  .iniu-n:."     Is  1834  Mr.  Fen  1. i.'*i,  \,<\.\.  cApcst- 

wni     with     I-    red  m  product  by  lithium  ami 

"I   hesitate  not  to  say  that  optical  analysis  can  di»im£ui*b  th 
portion  of  theve  lubscd  m   tnj  oilier,   with   is  mm 

:!i  mi,    by     Uli  lod  "       U  Will    tbui  b  :;ltvh 

w  11    101  wholh  icaon  ni  of  the  primar)  truths  which  h«l  to  i^k* 

:  ii  cation*  ol  K  1  h  ii.       inccthc  fir*  mstrumcni  used  by  Kunseei 

..•I  mon  perfect  instr  mcnti  have  been  made  u^  ij 

analysis,     l'robnbty  one  ol  the  most  simple  in  construction  is  that  made  by 

Mr.  John  Browning;    1  tii'Mtnoi   -.  with  the  Utisunce  of  Mr.  Hera  bet 

by  him  tho   Hor*chfli-Brownini  direct-vision  spoci 
ihich  tho  direct  vision  15  produced  by  a  combination  of  two  direct 
1  in  . 


.     -1    IK'. 


1  i'..  tox-~7fe  ft  Bnmm&tg Drrt£t-Vls*i>* Sjxctmttft, 

a,  i\mnic<nunc  of  ih«  two  prion*,  %  u  b*.f>t  tlti<  ft 

•  't  Quick  CXM  of  atmospheric  lines,  and  for  not  in  it  the  ch< 

-.cur  nearthehonxon.ormnnypartiMil.il  ii.nriM.il,  h    form   1  ihesptc- 
iroscopc  Is  one  of  the  be  vised,  aa  n  can  be 

y  pointed  at  on)     loud  ii  Its  disp  •  d  pre* 

1  Men  are  -d  jre  1  ■'•  todTvidi  Frauennofer/s  line  i>  with  a  magnifying  pcW 

llf   til,!;      j 

form  of  spectroscope   which  it  exceedingly  useful  to  the  swderi. 

his  n  pniiu  of  extremely  dense  EUt*  of  su| unJii  1.       ! 

!'■      :   u  it  divided,  and  reads  with      venm     thunlikjirnui  ■  -.u<*>- 

venu-n  uminatcd  scale.    This  arrangement  pr»«  >  jrt* 

in  place  of  a  perfectly  .  seafc 

1    1  with  a  reAectinir  prism,  bymcun- ■  peem 

be  khovrn  in  the  fieW  of  ■  ice 

F01  Lit.i-*:npc    Fit;,  loji.  containing  fcd 

dense  glav.  pris        ad  t  tcleucvpc  with  objvct-^l.v   1      [  j  \  m.  diaxnui 


■;* 


Fie.  103. 

to'i.  of  eleven  prims  was 

v.  were  hollow,  and  tilled  *uh  bUulphtdc 
Uscnbei!  .69. 

ud  great  •  . .  »f  5pectroscopc5 ; 

jUW  Kcw  Obwirniory  ••pectroscopc,  fui  .  tuns, 

tof  eleven  duu: 


Illicit      II'  II       I,      ft    \liIMIUI,      &•'( 

foi   William  i  1 

■  .  ln>  diret- 


iJic  »j-  here. 

How  to  pn  rm  Spectroscope, 


'fan 


*■  lW  iHtVftj.  :  rhe.  snwll  cad 

.  and  eh< 
■ilc  index.     Now  place  any  common  l>< 

nnd  while  looking  through  loe  u-Iucopc 
1  Me  «*kx  1  wed  the  clatnp 

"ctcope  v  ....ex  round  ihe  circle  until  a  bri«ln  nd 

•pe-: 

racnom  <-»ws-  rr  axy 
/the  knife-edge*,  »> 

Af  r,l!'!i'"l  ■    ■'  milium    .Miii(-!.i!M|.    "i     %    ill    11-ltcr,  *  j.;.i.  j-I  knew  :i    If 

•  ire,  aboir 
»/;  needle,  bcf.l  tl.  1  a  small  loop  about 

I  bead  of  (fa- 
il u* 
l>&'.  rtar.Lj  or  suppeft.  brinjj  the  bead  xnto  1).  Jge  of  the 
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■>  1  of  anftly  .  crtat. 

'  PW1  f'ruH..  vol.  v.  .  p,  41  sodium  3 

djutn. 

... 

.1  *\hi[r  •  funned  !>■ 

lurnrn  ..    11   the  «idi 

iraw-rabc  until  u  *<j'  ion  is 


Tk.  105.—^  fit/max  S»r*tr%  wit-  a/td,  supporting  the  f'totattim 

If 

'  It  lirtid  Ik  aecci  iplUtl  oi 

*dj»st*xnt  in  focinin^  Che  telescope. 

null  pnxiu  turmnf  on       1  rdgcsSsf" 

•Kd^fAitu:  two  »|"  imC     To  do 

*  carat  be  brt«K**  cIokio  the  front  of  the  knife  cdj  hen  one  flnmc 

.dm ihc  posin  Ich  the  flame  of  the  candle  li    ii 

tlv  in   h  ■■■  llil      0 

*tfl:h»  iftcvropr  M  before  de*  due  to  li 

:-r. 

Wlto  t]  ...     i'  .1  !!  tii, 

•»  r<  the  c-attUe  tUmc.  th*  sped     m  ul  *<*n, 

■Ptecd  m<h  the  loUr  spectrum.  ;crminc<i  in 

.lit  1a  the  m 


:.   UXDft. 

-*na»em  it  cvpressty  adnptcd  lo  the  prUmaik  .inalvslsof 

■ 

1 


■ 
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feapihle  of  flilruittrcr,'  drtdt  a  second  boon  oi 

■vbo»e  tp>  !■>  compa- 

phccd  on  the  stage  of  the  midOK  ond  bca 

V*  nu.ll  pfi  ,  arid 

»K&lkd  u  I 

. 

.  jtn  cMrjftflB  the  conutoun «J  Ju  >n  prism. 

■ 

Ibead,  with  sere, 
on;. 
lc»th" 

tier. 
:  *tn:Ul  lul  tlM  *peetr 

[*•  coimxirctt  ml  -it  object  ■ 

.row,  oper  .lit  to  admit  the  (j 

III   6-:  : 

lr  ihr  App*rUuv  .n.-.l    rt   reflected 

■ 

taking  through  it. 

. 

node  to  lie  the  micropore  ' 

on  eye  ;>  nucrosco)." 

lion  .  . 

•»c  tpectrum  is  tohc  viewed  on  the  su^e     Minn 

>.it!i  :nii.  ;.uiiii  ni'i  i*  id. 

V       ml    .>,«   !i    U 

can 
■"■arycTc-p  ->1  w-ny.     I 

c  the  slit  till  .ipood  5pc< ' 
[tCdroOl  wfl  ;   :  !iromn£  the  ■  ■ 

;     *  the  spiv  l.  i'rarci- 

}.  md  •  or  fum 

irum.      Th»  * 
T»*Uf^_^mc-<  will  occur  in   ,n\  -11.111  A  Bl   deli<     tC     '■  •  *i«  itinn, 

:►:  viewed,  PO*i 


•  it'll 


rcshV 
llAt  ..:;  too 
[.  ■  Le  absorption  U>-mI 

;aU»  Mull  vellv  :iml  ether  runinvaacca  to  hold  fluids  for 

-n  solid,  litjmd,  and  gaseous  incandescent  Uxlie« 
^J  U  .,-,_-  ^i  in  ikrcw  -  rdm. 

'dcr  is  thai  which,  is  produced  br  *  hoi 

7— * 


Fia  "-7 


■  • 


Aw. nit  substincc  such  aj  charcoal   Tbc  band  of"  col 
red  10  viokc  a\nd  thcrcf  or  noihir 

Id  snrpw 
-     - 
can  "inly  1*- 
l!l     (>.-    1 
■  thoul  uodttffoii 

Ib&CM        distinct  bands  ot  • 

The  metal  silver  pl>coJ  In  1  cu'-sh- 

.  conweclcd  with  tin 
figured  in  the  frombpi* 

■     1 
Tlcill 

1.'/  1.  in  ■!  Iron  pyrites.  *nd  so ad 

,.c\  .1  ipl.-ndtd  ifrcca 
would  probably  hare  been  unknown  bill  for 
metric*,  .mention 

rcctcd  to  • ]  1  gretft  line  as  obtaia 

certain  spec  I  it  »a»  t> 

this  simple  fed    tin  .  ■  ondei  c  boss* 

that  pfodu 

:-.       (   *li   ill 

m  the  frontispiece.     I  ■  the  <'i*c,  it 

tood  thai  foi  *  v.i,  1  pornrMcs  -  can&oc  be  so 

.  ■ .    . 
oents  roqa  icwaK 

audience  on  the  disc  cannot  be  compared  to  the  elaborate 
Moreover.  *«* 

conw- :  earth*  and  salts,  which  must  inttrfrn?  vitas  lb* 

resells.    A  spectrum  of  the  third  order  ts  obtained  when  the 

obtained  from 
tpaces  are 
.     .  1   1 
*  absorption  of  certain  definite  colours  ■ 

bowing  mi  h  .»  apoti   mi 
1  the  alii  of  tli  i|      ..: 

■unjf  some  nitrous  acid  pis.    Direct! 
blut,  and  green  <•>]  1;  fidthej.  spc-nrum  t! 

wuh  numerous  dark 

:»nure  or  sbi  is  coo  iridely  opem- 
lit  *bi>ald  be  rcry  narrow  indeev 
uctiv*  mci 
1  1 


1.. I 


I0« 


faju  of  dark  line».and  • 

rflcn- 
■  ■ 
ac  laaflnixn  with  the  group  of  line  mt  which  th< 
ipour  consists  when  it  is  luminous. 

;•/  coloured  flame. 


'    ■ 

; 
i 


Tfc«*r 

■ 

. 

■     I 


MOOf  "!'  thf 

■ 
1 

!l 

:    Utfa  of 

.1    l!i;: 

■ 

jjcctium.  and  brought  a  flame 
lit.    1  then 
The 
tot  ef  »  IPmm's  lamp  threw  the  bright  • 

on  tfcc  soUr  ipcctrum.    In  order  to  nnd  out 
■ 

mpairrnn 
rtftr  •culi-iii:  far  I,  I  lil'Vfrcd  Uiefull  ■•    nl)    h 

tO  in;, 

■**#V  '..,-  .ired 

•t*  u  cxtnordinuY  decree  of  clcun  i 

V*h  icipcct  to  this  important  experuncnt.  ihovs.n-  tin-  n  v.-    i  of  the 

***m  h&cV  prrh»p  wpcriment  lb  tl  U     )   ':->»coc,whQ 

P  some  of  tk*  nxtal  ■  vacuum  tube,  and  ori  inj  the 

v  vapour  t.  colour!  :*s  by  nit  dark  and  opaqw  win-n  the 

i .  -li.  nvii  I      in 
toatt  r«.                                     rrestrt.il  lino,  and  the  .tbtoluie 
■  I  d  rk  moUi  in.,       c  I  Kin  huff 
bccrrml  *.i                                           the  kun   vi/.    hydro  :■  u,  soaiu  n 
W*,  iron,  eaJ.-uj'x  mel'l,  chromium,  CD]  

\At  p.  oe.  and  n  th<   line*  ru  c,  r>,  r,  F,  D    nnd  II    which 

■  ..ocnfcc&i  I  fixed  d.irk  lines  in  the  solar  spclnim.    Iho 

now  almost  interpreted  the  v.Ik  Ic  lines, 

inium, 

. 

vrorV  do  not  permit  (he  consideration  nf  steUn  cbe* 
ibe  extitsru  liti  "I  Mr.  ilu 

'■'   r.  .   be 

teahs  of  spectrum  AaiW 

complete 
ivbiccL  ay  be  *aic!,  iii.n  ■-■■■ 


.  .1 


IOJ 


<?A' 


i*). — st.tr  Sfitctrwtvfi,  mBM  sejtoiVMr  flgBaatty  Prix 


W   tli  1  po«  ob)«ctnl»»m.ctrm*tric  jppsTjmi  lor  m -i  llnei  ol  Mil  •;• 

;.l>i..n4il".  Iht  n     I   'I, 


"»1 .  »» 

<  'i  •-!•  ■<■'!<'  1    F.  I      i '..■!■  ■  I.  r   "      KW    -it",  Jli'l   . 

in  truli«,  Ai*ruit,  Ittf, 


-  -Ik:  baa  diacovered  the  real  naten  of  boa  * 
im«,J  or  "prominences"  of  the  sun,  whic)     i  ible  under  ordinary 

.  being  overpowered  by  thr  dauling  brilliancy  ol  cbc 
i\  l ii i. ii  the  ron;  but  visil  ;  ihc  frw  minute*  thai 

■  .lipsc  of  the  sun,  as  in  the  one  which  created  so  much  interest  in  .: 
ot  the  present  year.  186U,  visible  only  In  the  line  or  path  of  thi 
fell  la  India,  row   xpedUtonfl  went  i<>  India  to  observe  the  red  fl 
il  armed  with  l&    ; ■-  uroacoplc  apparatu  i.  and  their  united  eta 

ree  that  the  red  flames  belonjjio  the  sun,  and  that,  as  they  give  brlj 

truof  the*©  ond  orcli 
uiusri«tfly^it«doraflf-lununoua  The  bright  lineai  hti  ftyobservedai 

tobetl..!-.  which  belong! vjforaswe. 

!en    n     a    1868  .  tind  this  nil  rrcsi  imj, 
'I'    li  i    nUBS  from   Major  Tennanl    LicmrnAnl   Hcr>rhrl,    ind   M 
a  I  upland,  and  were  alJ  sent  lndcncndentK  <»l  <  u  h  ■ 
belong  to  the  aun  and     \v  «  bright  linn  in  the 

-olumta  of  tne  photosphere  thrust  mi   Like  thi  .  | 

ol  .i   i  :;  . -rod  Kootcbenv  the  lafil  or  gaseous  atmosphere, 

usuali;.  e  light  from  the  photosphere  of  its  beautiful  coloured 


i  »!  (ftioje*  ihctn  U>  dart,  u  where  li^ht  14  no;,  there  can  or. 

Mac*. 

TV*  1*'  0 
tr^v:at^r.i».iit  'iruwning. 

■    • 
1  •    .  r»«  do  not 

:«*  ut  as  the  ii>i  reflet  led  from  part*  nc*r 

I  foCUS  M 

.nhcrcif  thin  the  focu  The 

1 


l»a— Canon*  Affrn  ■  fa! ion  of  the  Rxyt  tf  /.  ■ 

Tbc  nitur-d  control 
•  concave  1  onfuscd.  because  tli  to  look  si  * 

cUit  1  *!;.£,•,  the  oac  superposed  on  ihc  oilier.    To  get  nd  -I  the  rayi  from 

1  of  die  r:  ■  ■      tl  111  ■  mulcj  ■  1  .'■  U   tni    I 

.i  pan  of   he  mirror  0 


.■■ 


M 


rabg  troo    '  il  M  1.1 '  1  wfrite 

->»ch  r»y  ted  to  differ*  ■     •     1 

ttUvtn*  enetbfti  «,f  cihibiting  c-»u«;c  n.no  niaendft  1: 


3 


of  a  piece 

k  to  be  bent  into  j  I'".'  c  riy  »■ 

..  . 

■.■-»  ii/*B  in  Fi      i    ■ 
In  the  ■-.' 
figu:  Jje 

t.>  .1   i  ctcd  froCi   '         ■ 

Thi  mi*;ht  bi  mm 

The  rays  A  ■,  a  it.  r'jjf.  n;,  (Ailing  on  the  mar.  iotibte-eonvex  less, 

■Kail 

tOTCCD  Of  di 

Ire!  W 

.     ■■ 

<  re  inulrjr  Ctter* 

• 

... 

Lc  picture,  whicij  mir'  it  reader  vi 
E*  pr<  i  act*  iui  diaphragm,  thci  the  aberration 

*phr- 


Tmr  nr^PR^fOV  Of  I-tr.KT,  09   C     10  I  <TIC  AdKRRatiOM. 

If  h    ■■  'f  i  tcrici  of  tuloaicd  raj*,  every  one  e^  *iich  posse* 

ttuJei  of : ■■■■■  «aW 

i 
\\  n-'oiinx  ok 

this  is  no:  remarkable  when  it  is 
may  be  regarded  i  ted  at  their  bases*  a.*d  iheref"< 

cape'  imposing  or  •  ".  It  U  a  tir^otir  i 

ho  had  invd 

I  to  refraction,  and  i 
ill  tufa 
Jiiit3  tl  .*nbinatiiHi  pf*  '  jTcJa 

.  i.      : 

d  edfi 

impossible.     He  fallibility  ei  •.  then 

H.UI   in    : 

itn(  *.**n  TTHdui.  vb.1  crown  *■ 
fractrre  and  dispersive  powers,  a  lcu:>  nu>  be  fcort 
■ 
Tlit-  prnxiplo  of  the  achromatic  fern  [f  net  complicated  or  dtr 

•  ooipoflbd  aa^^H 
i 

■  : 


•17  AXD  COLOUR, 


»°S 


nna>gthr-  is  so  amazed  that  lb  \hichw< 

■separately  produced  by  eich  lens  shall,  when  combined,  by  their  unequi 
1  together  at  the  same  spot  and  unite  together.     Any  two  coloui 

EO  hC  CO    : 
i Mty  coadusr*?  op-..  Inch  may  Ix  performed  with  polarj 

*Mtd  thrown  a  tclcnitc  slide  placed  behind  prism  composed  of 


n. 


mnA 


"5 

.  .-!•"  '<tw,  ■,  i-i.1  jnotbfr 
il,  I" 
kr*«*  ...Kl  tvtuil 

■  •  C'«M>  <CKl'-lim  •  MMiiflt 


i  :  ..  tr+.—  CompUmtKtary  Ct 
t^'.'rl,jpping  wtd  forming  ti'A/l 
LMit 


v:  spar.    The  two  discs  of  light  projected  on  to  the  set 

ara  Ktrro  and  red;  but  when  caused  fi  CAch  Other  b 

[xnure  through  which  they  pass,  the  two  colours  unite  in 

lv  p  i!  and  jcrven  remain  u   u  t  in  those  po- 
h 
com,  ■  colour*  would  I"  yellow  i  ad  indigo,  bine  and  ca 


•Amvg/mtut  oj  tht  i  1  suits  iit  an  Atkro M  W0&A 

{bis  h»  a  jrrealcr  dfepcrsSvo  power  trim 
ethe  spearumover  a  larger  space.    Thedispenlve  powei  of  tbc  p 
>.um(<nvinj;  h,:ii!  for  showing  the  ipecura    if  iw  uidcsoem  metal  is 

with   carbonic   disulphidc     bisuljihidi    ol    i        on 

composition  and  dispersive  powei  *  of  i!»-  iln  -  lul 

wneUn ewo. 

,:!*» o'04» 

Carbonic  diiulphuL         .         .        •         •        «mi$ 


About  t!:- 

-  leas  thin 

■ 

I  he  fihn  of  nMGfc 
.     :. 
mI  i 
oerac>l  mod  of  ajpani,  and  he  toon  diKcnrod  a  method  > 

i 

IV    if  nnt  ;■  i;-  ■       m) 

•    fnrai 

■ 

.r-iUliotO 

.  i   ..  .     i.  i  pUcal  II 

i     ui.         .     :'■•■  Ini  .  [lie  Mcilij:     ul    wh   i        CODVCXft)   WM   v'H.  HM    Dl   "-.Mti 

;inJ  screws  thi  t  th<  tw  <<xiUI  b»r  brocrf 

closely  together.    The  convexity  of  th  a  eicrrrmetr  sl| 

[l     T..1 

.%  [of  *ludi  Uic  U* 
would  !*j  Uiccjliid  a  theoretic*!  dixmcter  cf  icoft.     <Fi ;    M 


*>  the  t«o  leftse*  were  preuo  -o/i 

.:>•  whert  !  wir>dtrw>£la»  <rc  pkv 

the  cr.clowd  .iu  beans  '*«  petattd  b>  the  wetj- 
anabent  gU.k»  into  a  Aim  sufti< 

firttdiico. 
oils,  r .  .o*p  and  water,  produce  the  q 


■ 

1 1    ■ 
■ 

i  »lo3,  IK- rr^ulii  jjf,ni-'.i 

rc  *  ijuiilr   t m   (hr   *killrtl    workman 

e,  by  tdounr  *  very  \U.  <nh  on 

ut  be.    *_:«-r.   ial  l)i;  u    receiving   thin  01 

tttocUtcvi  *.ih  the  imiice  of  pond'-  Into  which  greasy  man 

i 

u  describe*  in  hi*  imponant ''Table  >■ 

!    Mil    ■    I   lln       .in    - 

■i  «.'   •;•  i  "if 

iom  i  elite  ted  andtran»rniTieo 
•tpfodueo  r,  orfUai,*  tin  iu  scale  of 

a»cJi  UiviJci  m'o  oix  m  il*-, 


Fig.  l»7^—  W**4w*rtPi  Sfodd  of  Wow*.  .  .ihU  Rods, 

-m.  measured  tbe  diameter  of  every  coloured  ring;  he  itul  not  depend 

m  >k  ipccirr*  alloonrn;  each  to    .ill  icparntcly  on  his  ^pparruus,  and  dis 
wod  th«i  under  ih:  longer  obtained  a 

■al  rtatfv  but  ofcvemxl  ttut  lha  I  by 

-»rae  colour  as  the  li^ht  incident  on  the  lcn*«  alternating 

lisx  iii< 

dark  spoi  ii 
tt*n  j  yellow  in 

. 
■  of  the  diameters  of  the  darfi  rinjS 
When  the  rings  were  observed  by  transnt 

1  Ting*  being  nt  the  even  number*, 
na  al  odd  integers. 

nijtten  and  jtls  zf  re/hdien :  they 

* 
con;  behind  h  '  nil  of 

i  .  ■ 
of  lh  by  wh  :l  letWcleo. 


io8 


OX  LIGHT. 


The  iiuilii!;iti>i;    llir    r;     »l  li  ;hl     lo    e       ido 
and  In  B»fc  ll  A  the  inter  frrrnr.-  of  the  wavn  t;;. 

lo  be  jitoUtiLCtt.     Ingenious  models  have  been  made  to  cyplas*  the 


F10     i       A  Afotttt  tf  fixtd  Wtft** 

interference;  but  those  of  Mr,  Charles  Woodward,  the  President  i 

ton  Scientific  Society,  .ire  the  most  simple,  and  .ire  thus  described  by  him* 

his  admirable  little  work  on  the  "Polarisation  of  LI 
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ON  LIGHT. 


The  coloured  bands  obtained  from  biaxial  crystals  are  not  concentrii 
somewhat  oval,  with  two  centres,  which  represent  the  two  axes  of  the  ct 

The  splendid  phenomena  of  colours  produced  by  various  substanc 
polarized  light  are  the  results  of  transversal  vibrations.  When'  a  single 
or  vibration  in  any  one  plane  is  divided  into  two,  at  right  angles  to  each  < 
one  will  of  necessity  be  half  a  wave  behind  the  other,  the  two  being  opj 
halves  of  the  same  wave;  and  as  each  of  these  again  is  divided  or  res 
into  two  others,  there  will  be  four  waves  or  vibrations  produced  fror 
original  one.  Two  of  these  in  one  plane  coincide  and  strengthen  each  i 
while  the  two  in  the  other  plane  oppose  and  destroy  each  other. 

This  difficult  subject  may  be  summed  up  and  concluded  with  Wood* 
very  instructive  diagrams,  exhibiting  at  one  view 

POLARIZATION, 

ANALYZATION, 

INTERFERENCE  OF  LIGHT. 


a         l  k 

Figs.  136, 137. 


Fie.  136—  A.  8.  c,  d,  common  light ;  v.  a  plate  of  tourmaline,  or  a  bundle  of  plates  of  glass, 
the  polari7«r ;  p.  polarized  light  i  c,  a  plate  of  selentte  j  h.  dipolanr ed  light ;  t,  a  plate  of  tounna 
a  bundle  of  thin  plates  of  glaif,  called  the  analyzer  ■,  k,  coincidence  of  waves  for  red  light;  l, 
feience  of  wives  lor  yellow,  and  M.  of  tbo»e  for  blue  light ;  n.  the  result— red  light- 

Fig.  137  —  t,  the  analyzer  turned  round  oo°;  K,  interference  of  waves  for  red  light;  L,  coincid 
wares  for  yellow,  and  m,  those  for  blue  light;  s,  the  result — green  light. 
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Hen  travel*  with  lit1*'  from  the  sun ;  find  as  Newton  succeeded  m 
*in«;ntr  nifl  mtamporarfaft  that  the  latter  was  a  material  bod«. 
pass  by  .1  natural  sequence  of  reasoning  chat  the  former  should 
regarded  asasuhitiu  rare  form  of  matter  opposed  to  colic  Ion.     ITie 
■  beorj  of  c  dork     ihe  Kypothc*i»  of  i  "—has  v  i 

rational  ti,  raiularioi        r   u  has  been  •  tpl    ned  M  p 

table  cLiain    obta  pervades   ill  spacC]  -  p e<  ul iai 
Op  in  the  material  if   i  body  may  he  i    mi  d  tothiscth 

and  then,  on  the  same  principle  that  a  pass  t  ■ 

in  air,  so  the  minute  particles  or  molecules  ol  loltd  flulda  or  gases  ox 
and  t!  onset  viin  iiun   Are  communicated  to  and  ir.inamiii 

the  ether,     Physicists,  however,  prefer  to  speak  of  theu 
as  "The  DynamicilThcory  *  [oura/ae,  power).     The  title  at  once  *h 
heat,  and  not  right,  is  intended  to  be  expressed.     Heat  is  in  every  sea 

1  a  "power  ; '  the  terms  arc  mutually  convertible  the  one  Into  the  < 
The  combustion  of  coal  produces  heat,  which  generates  steam,  and  the 
is  the  greatest  modern  representative  of  power. 

I'ortcr.  .i>  shown  by  the  muscular  force  of  the  arm  conveyed  throng* 
hanuoer, generates  heal  when  metals  are  beaten  on  ilwnnvil.  Tin 
between  neat  am    u  iwi  i    ■  .hown  in  the  most  perfev 
Dfc  Tynd/ill,#  the  Industrious  irnd   worthy  succcsaoi  of  >.  lie  b* 

ud  thi?  branch  of  philosophy  with  a"  vast  number  nf  practical  deta* 
at  rations  and  experiments,  giving  quite  a  new  and  fresh  appenrancc  to  a  someaj 
which  seemed  to  have  reached  Its  [units  in  the  atcrvotvpid  repetition  of  < 
tions  of  thiununvricrt,  pyrometers,  calorimeters,  and  eternal 
specific  heat  and  latent  caloric.    Referring  back  to  heat  as  the 
power,  then  fi .-  telllnj  experiment  ol  I  rn  tail's,  in  which  a  br.iit  tube 

mining  wator  i«  connected  with  a  whirlin 

with  great  velocity',  it  is  rubbed  with  the  wood  of  a  leraon-su/; 

enough  heat  to  cause  the  water  to  b 
which  the  tube  'v  closed.    Power  gencniti  i  heat,    nil 
"■       ed  picco  oC lectori  table  apparatus  geni  m  il  i  *  to  be  regarded i 

a  power,  wnnt  must  be  the  enervj  ol  thr«un?  what  kind  ol  I  i  work! 

produce  so  much  heat?    PouuTd    i»  carefully  Ascertained  the  total  hr 
effect  of  tho  sun'*  rays  upon  the  earth,  and  estimating  the  whole  h< 
power  of  the  sun  as  ;.jco  millions  oi  -...n*,  JCJ  that  lcsa  loa 

of  those  ports  onlv  reaches  our  earth,  and  yet  it  would  melt  a  lay 
tWit)  rda  thick  over  the  whole  surface  of  our  globe.    Tliis  propers' 

'(  li   not  all  available,  some  of  ii  if  .it  once  Oft* 
:  die  -ii  in  motion,  to  create  the  wind*;  another  portion  r.> 
of  the  ocean  into  vapour  which, di  trending  in  the  form  of  rain  on  I'.i^h  IwelK^ 
iter-shed  which  siip|>li<'\       -,-■.<   I.d 
.1  :  .;■    ...ii  ii .  1  li.i...  .  i   (hi   wu  ,-.  i  ,.f  thi   Nd 
the  lowland*,  giving  nse  m  water  powi  r,  whi  h   -  again  the  cqunraleel 
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uioilter  part  uimuljtci  and  increase*  the  growth  of  plant*;  antl 

■lotitf  "JoO"  ;  li    1  ■■■  it  of  tin 

■   ■     i       ■.  tor  man  loose  In 
in  nil  heat    The  ttiftau,  being  the  fo 

\Mftk  itn-  ["iiilii.  in:;:!  lir  U  .uui  lluiv  n'.ii   I 

■  ■■  connected  with  mol i   lomi   I 

1.  Ft.  ling  two 

ei    lhat  Sir   Humphrey  Davy  genrrrtM  heat, 
\g%  who  proved  that  hunt  could  turn  a 
;stablishcd  by  his  <  n  a  sort  ol  basis  upon 

rhcory  of  II  again  reconstructed,  to  tl 

■     t,   mcl   '■■■'.     th 
'1  said  thai  «i  because  latent  he.it  was  made  t 

known   l!.  I.tlmiilidt 

...:•<   \l  '■  ;    how,  then,  rnnl.I  :ln         ,',      Ir   j 

the  condition  of  water?    There  .uc  pi ■ 
leratiun  >■(  heat  b;  The  flint  endsMrd     i  re 

«0<  >  mrd  In   vn..;  .-   11  lx»  ;  thr  l.>  .  .  .1 

iird  whilst  boring  cannon,  when  enough  heat  was  generated  n  two 
and  a  .*e  two  and  *  half  •  water  to  ball;  the  fi 

axles,  which  hay    i  ratobecorai  red  hot  and  to  Ml 

the  •ooduvrc    if  the  carriage      In    North  America,  a  case  is  quoted 

heat  was  intentionally  generated  by  waste  water  power  And  dm  foff 

partKoet,  the  i  flat  pines  of  iron  which  nibbed 

rncrly  that  neuli  edta   Kradewtdst 

.     hoi  bo  >■  .    -\ 

tl pactlr  a  j  <<>•  a   (b 

;  bui  ;i  is  dr»rly  shown  that  ihn  h  nol  lh«  Inn    explanation.     I    I ■<!, 

utsion,  docs  not  increase  in  density 
90  hot  that  ft  hen  projected  from  the  steam  (run  in  the 
:i  bullets  against  a  uToughi  Iro  .  .1  flash  ol  tight  I    apparent  in  .1 

"room.    Tho  heavy  shot  used  tctfrntlcring  iron  pUu  -  iK. .  , 
ot  after  they  have  struck  the  plate. 

\  CA/.vtucf  Attic*.    T  ic  bn  fine  together  of  ■  number  of  moms, 
•:\  the  cJj    ■  all  i  -ill  i  it)    i  pat 

Dew  c>  .  as  in  the  heating  and  combustion  of  finely  powdered 

lii    in  tan! 4i I  willi   ihluti  til  yene- 

nun  .il  .  h.m  [*  •   ..i,   .ill  to  be  f 

i  di  lc<  I  I 

m  ..intact,)  'ii    incand  I   rm  new    <     ipounds.     Ihct- 

....  .  ;.  ;  : 

:o  secure  the  more  r.tpid  anii 

■y  essence  ol  the  existence  of  clo 
ion    i  m  Eton.     The  intense  heat  •  •>•  the  discharge 

ro»<Tfiil  l.rjuV-n  buttery  tlirou  [h  a  ihin  iron  wire  locn 

i    rn    I,  and  thus  wo  fc  i»con- 
-  ■  uiient  "I  voll 
island  ;  whil  tl  an  ttnei  win     if  tl 
el*  jg:  nri    rnnmminj-  It  m   work 

" '.    speak  of  a  current  ol  electricity :  *  current  is  something 


; 
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ours*  motion.     Here  again  the  two  fore**  S3 
vcrtiblc.      1  h(  I  itcd  by  ihcpassagcol  n  current  of  <! 

..:f  the  beat  is 
to  n  scries  of  byre  of  bismuth  .mil  antimony  an 
called  a  therm  a  battery  or  multiplier    a  most  deli  cat 
In  connection  wfa  ihxnie  needle  is  use  full  v  and  extenriveh 

h  ■..  ,  [nap]      tabic  by  ■>■  then  or  other  ordinary 

1  ■ 

c.  Vital  /'('.'./.  impossible  wHhout  I I,  ippi    n   lot*  *  l  ■  ■■  nti 

kind  "i  rtnw  com  rustian,  01  chanfi   of  <  iikm  m  niocarbsati 

ad    (rater,  and  6u  lUki  flustration  of  heat  jjerier.ii' 

chemical  action.     The  muscular  power  of  A  horse,  a*  sagaciously  obKrrre'bj 
:  Rumford  *  rtainlybt  •  intbsborijf1 

of  iron)  cnouch  heat  to  cause  water  to  boil  lor  the  purpoM  Ol 
if  a  quicker- and  more  advantageous  mode  were  not  ajjaccMca'  by  Uk 
combu-.tmu  of  the  fdd  L     which  the  horse  must  cat  to  maintain  the  *tnnd 
hr.it,  in  order  to  be  able  to  exert  his  muscular  energy- 

To  work  out  the  relation  between  heat  and  mcennni  •  tec* 

&»nd  •:<■■.-.■■:■.■  Id  c.i..I)Ii»1i  a  \'uk!.»iii  of  cum    ■  i     n  ■■ 
tatter  in  ECngbind  is  defined  to  be     thi  fi  """d  tn  overcome  the  pW 

aurc  of  one  pound  through  the  space  of  one  fool ' 

lis  a    i    |  extensSw  ncrie*  d  icntt   Or.  J.  P.  Jouk  determined  l** 

77;  foot-pounds,  or  units  of  work,  have  to  b>   1  to  raise  a  ptwad 

water  at  about  50*  Fahrenheit  one  degree  ,  ~*:  unit*  of  work  would.  tHeretow* 
he  called  the  mechanical  equivalent  <>i  h. -..'..  i:;d  ;ui  equivalent  toaforcetfret 
.  raise  one  pound  ??s  feet  high;  or,  it  we  reverse  the  statement.  >oJ 
iter  falling  through  772  fee;,  it  would  be  raised  one 
Fahrenheit.    The  power  or  force  used  was  measured  by  thedescerv 

whit!:    CUUSed    Che    .1  |>|i.ir  :it  n»,  VU.,  *n  iron    |  mudlc-wlircl,  !•  •  ..ttrr* 

"'i   un   and,  b  f  thi  iron  and  mercury  i  m  rliinauet 

I    which  was.  estxra  iu-il  in  the  most  -  ireful  m.innci.     "JouIcS  equivalent 
ix,  therefore,  1    itaari-trd     1  the  mftnl  valuable  and  iriithhil 

man.  Dr.   \1;iyrr,  who,  by  different   means  and  h> 

0U1  the  equivalent  to  be  771*4  loot-pounds,  instead  1 

J  roved  how  correct  had  been  the  previous  experiments  and  calcul: 
rale, 
Dr.Yoa&f  *&y  J  is  not  a  substance,  It  must  be  a  quality;  and /J 

w&tfoit     It  si  <\  Newton's  opinion  that  he  mmiOr 

q  on  ol  the  particle*  •  if  bodies,  unci  that  thi*  moi  ion  is  i-mirou** 
x  ii<  t|  through  an  apparent  vacuum  by  tin-  undulation*  ■  >("  an  rfcutk 

which  is  also  concerned  in  th<      h< hi.    It    % 

such  vibrations  may  be  excited  in  tlu  «  mi  pi  men!  parts  ol  bodies  by  j> 
lyttcrion.  ir  by  the destruction  of  1  riumofcoh 

and  bva  chaafB  of  the  condition  ■  m  ■■  hi  h  I  may  be  re  lorvd  in  "m 
imbuttioD  Of  of  any  other  chemical  change."    Furtl 

idiom  heat  in  raising  the  temperature  of  a  body  on  u-hii 
blcs  the  lympathei 

,  with  it   »-,  ii.inMiic 

"All  these  anal  mil.-  t  ■n-hm .iIjIl-  in ih       

ich  has  been  sul  unctmnr 

greatest  philosophers  of  pa  v.  tirrti     and  of  the  most  sober  rcasono-tof1 


rpcrcuwii 
1.1  itaasa 
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■'*.  hcmenrex.  wfao  look  ihricd  reverence  to  the 

*  modniL  school  ii 

mi  -.  uooioa; 
brtn  feoadcd  o 

■  1  that  j:i  d 

■    1.    n    |..     -    I 

■        .  .     .    ■ 

.  been  slowly  follow  > 
of  the  dynamical  Lheorj 

UMON  Krii.'.nr.  op  HtAT. 

raucd  in  tonptraurc,  cither  by  percussion  or  by  the  direct 
supposed  iu  be  set  up  I 

I      lllll'  ll      •      ! 

.i,  mi 
:1  I'xjU!  Mi/ll  mUftl      - 

■    ' 

;xs,  t5  so  annnft  ■  •Ilsarcdru- 

lac  roof  *nd  tile.  !  -11  ic    Between  the  £.u\-.  ot  the  model  representing 

nicely 
i  screw,  i 
iTfing.    When  a  series  of  spirit-lamps  are  lighted  under  the  bar,  a 


s= 


l>tv 

t|»:  *.  ii-  .  in«i  h«|i4 


Distaff  On  iich  hold  the 

re  pushed  •  ■  failing  roof  and  lite* 

:i  i^ht  happen  on  .1  I  i 
a  of  thu  brass  r>xl  is  thu 
manner.     When  the  ■    rrtcnu 

tlir  i.ittn  iipuml,    |iu»li  uul  th     «  ll  ■     mil   ullini 

<  they  beenm  r  red  hoi)  v.  1 1 1 i  1 1 1 

■ 
aJ  cxpansco.     A  brass  ball   is  en  imcd  .inrl 

lilt,  ii-  «i!l  pass  tbrcu;;ii  'ed, 


'    c 


ci|>any  though  the  n 

The-  oUyiial.  omo  cotou 

nuett  a  cock    i 
suijJ:  tore,  which  ii  bent  rc<r 

■ 

i  ihc  liquid  in  (he  i*aV  injy  t 

■ 
ejected  xttd  the  poioisiura  lakes  tire. 

I  n  Of  £U£»  i 

"Hit   IK 

placed  un 
the  bo  it.'l  the  fur  :>.pai5df 

■ 

I  ..il       t   '..;. 

•  lost  by  eipai 

. 
to  plci*:.  bccnu»c 

rapid     I 

■ 
the  paper  I 
down  an>  number  o:  , 
of  young  ;  »r_/?.V,  ihc  talk  on  can  be  sheltered 

1  '*■  tallow 
nearly  ready  to  jtari  ;u*i  of  wind  ac*ov 

I   ;t   CttlCh   1 

funm  uxr, 

'■inJirwup 
iny  lire.     ITic  Ui 

erf  th 
lonicoltkr  lxilloemonihel.Hje  jcaic  >ho  twsi 

■  Recreative  Memoirs."  Rives  a 

,. 

V  -  <rta>cnt  erf  the  I 

tSc  halloaa  (TV-  141  .  winch  w 

■      : 


a  ill-  1 


I  to   13* 

■    ■ 
■ 

pOtAI 


U° 


'ihrr  p"-^ 

l£i  l!  ■.,... 

a  lilt  I  i  .  'Cphrctf  flbl 

5,  pnucd  i 
.... 

I 
'Die  fact  th;it  thr  pa 
fromcichf  «  duntit-KQ, 

cxpAMion,  oaj  l>  .     id  In  evi  .ximplcs 

; 

required,  in  order  to  alfovr  for  'h  nttaj  «*fe  - 

liquid  RBU  irrlaxc  or  cirt  *h«li  uvp.. 

and  bci  i;-:  coo 

Hi  n   hv-it    !  ;•!  ii-'    1"-      ■  T 

.*ji;i1j.  .1       iil-.i-      lln>  -*:'A  Ik  ■ 

i  the  ilnrnr  of  .1  -pint-lamp  on  take*  pJ.irr,  . •  r» . l 

ii  tightly  {rasped  with  the  hand,  protected   fcy  a  di 


S 


■tit.  .■raaiutficnii 

Hal  nd  particularly  t& 

;«-jitK  anil  foa 

tfac4 
•rmbrico  of  the  r»rck  of  i 

■    ■ 

■     ■    i       ■    i    ■  ■  •  I   ii    ..    ,■  ■ 

Ij      '«:    X'"*-1 

rhi 

cxceeilini  l  cxpennc 

1 1.    The  dru-encc  between  ; .1*0*00.  ur  t- 

Itd   SUDCTT). 

ir»c  be  rcnKmU-n.*i 


THE   EX  OF  SOI 


I3« 


;n:  •*  a    uf  in  -i 

■       ■ 

ft  ihr  ccofiouiid 

•  ■■ 
J  cknrnvards  the 
c  irchi  wa    i  united  - 

teiftry  ringing  .1    « 11  Arith  which  t  mi  ict  onl)       made  *hca  the 
It  pvduord.      Attention  1     further  dirtct<  1  '     the  rt  nil   of  UMCjua] 

<1  the  bar  cooled  with  to 
. 


■  uv 

•<■•?•■  .-,:ii;i.  and  rMnK  In  *  cum 

■   .   . 
"  ka  UK  ^u-Urr;  Utvmninl,  it  •  Imi  mulltfls  t  il,.      irttai  i  n    n.A/n  •■  ». 

ihfa  nitKipk  that  Breguct  constructs  his  most  dclicofe 
.  s.    The  soi*d  tiTcetcd  by  heat  cansiiu  of  .  1  bbcm, 

*  '•win*  of  pltti  1    ed  throve! 

fur,     ThrrihlMin  is  I 
uul  ihc  nlvcr  inside  :  one  end  is  fixed  to  a  proper  support,  and 
ic      The 

it"  li  .■    .  ,.",!■ 

ted  by  dii 

0  nparatm   mi »«  >•-    ol  li      Ih  "■ 

when  iii'.        e'hi 


1.--  ■■  ■ 


■ 


I'urv  told  - 

1 

1 
1 

uni  1 

1 
1 


aa 


g  1.000 
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In  this  table  It  will  be  noticed  that  glass  and  platinum  elw 
i)  platinum 

*>  :hr  |i  aan  yli 

tube  "■ 

sphere  the  win  ■  a  "<!.     Che  minute  lineal   expansion  of  M  • 

only  on  in-.!;,  it  i*  used  ft*  the 

in  'fit  clocb  ol  i  ■  cty  ofKdinburtfn, 

d  ft  bai  1    '       Ian  a  increase  of  temp 

foum    even  the  ice  will    i  i 

W  parts.     Ice  will  also  contract  when  e*]»sc<l  I  urate* 

czinjj-poiM,  and  th<  of  contraction  has  been  carefully  0 

■  to  «>r  40  point  of  w 

to  a  '■11    in  |">ii     and  the 
b  '  rosed,  the  elontj  ■  1 1* ■ . -  tx.-eoinc&  moi ■  1  ■,  Id 

Am  n.-;  'Mi..         Utinum  in  (bun  ;rcjic*t  unu 

mow  proo       .  in  ■   icn        fi  al  innitirri] 

Certaii  •!■■''  une  nature  tl  very  unci) 

then  *cvcia1  t.  ol  ;   .  ii.,     id  breadth,  ana  height, 

v>  c!on:;w  greater  dejroc  in  the  1I1 

tthcr.     Iceland  edm  posses*  perty  ;  and  uru  found,  by 

Utscherlicb.  10  expand  in  one  dire  u   a,  the  crj   I  ilc  I 

»i tract    In  lit     Oth   I    M    right    angle*  to  ;:t.    fnim.r,  to   that  the 
wurfon  and  contraction  in  one  body  w.  nt     Another 

ily  OJ  it  nd  M  ill  l»-  ;  .1  nil! 

wartv       ;  iced  to  a  1  ■     ■■■  h    di  R 

ad    0  id  c  1  ■   knslon   1  •!■  term  ned  '•>  iiu 
ciple,  ibal  when  .1  uilid  im  rente*  in  nugmiw 

■  "n  »  the  unit  or  say  100,  it 

expos  be  *.;ie  linear,  100x2—200,  and  cubic  cxpansio 

timculu-  Uncar,  iooxj-»3oa 

Tbu  '      'l '  cvpnnMon  of  cla&s  being  o^ooc\o©S,  tl 

«  ill  be  0*000024:  the  dilatation  of  volume 
of  solids  bclnv.  ion. 


THE  EXPANSION   OP 

mansion  ol  iy  heat 

troll  nistic  fore  .    mn,  1I1..1 

n  without  the  use  of  secondary  incan%sucKnstho*i 
With  liquids  the  amount  of  1  wry  peroepi  icn  t 

1  ihato 

bccjw-i  ihr  foi n  is  dmainitihcd  to  muc  vvcry 

rce  tu  :  .  S>ome  fluids  e>i 

kkcohoJ  is  m 

-inds  six  1 
*{•"   -  the  most  refined  means 

iiuonof,  mci   ury    nnd  they  f< 

•  1-5550  between  thv  frc  oiol  ol 

brin  * 


OX  OF  LIQUIDS. 


f'tttt      <r  10  1 00  LVnlt .;rj:!iMiKT: ■:••  nr.OT  >>j 

<*r  l 

i 

.iJ. 
•     ■ 

.rou*  acid,  h; 
■ 


and   '■  n  -  cp  ind    m i 

I,  betu  >.rc  to  dtifcfcm.  the  form. 

nil.   ■>;•  id  contract  by  cold. 

■re  apparent  than  real 

■ 

:,  i  i:  , 

,i    ,!,[-.:,  ting  wh« 

M  tcmjvri  \;>.m- 

lOt  » 

!    IVA»   ll.MI 

.  ■    i  :    : 
n  a  Urge  vesxt  of  water. 

I  p  to  a 
re  M  40*,  iV  u  ■!.  .mil. 

greatest  cold.    After  40* 
facavi  I  p,  and  dul 

ouglti.  iti»inn, 

■ 
i  the  water 

'«nw*  winters  of  Siberia  the  wa 

4  it  il  rtiito: 

cat  holes 
j'tyl  mnr- 

i  .  iiji    ip    ■ 

wjudec&a/ed  lobe  i 

ih,  if  (nvi  i,  ivc  no 


I  IC    144. 


>r.I/0fiS,erftri*.<Ht. 
'P 

9  all  would  be  killed  if  th                     h  is  a  very  bad  oon> 
rw>:  1  at  40"  at  the  bottom  of  the  lalci,  m iml 


ii  11-  1 ..  '   ■ 


■i 

-d  to  possess  the  same  curious  property  0/  expanding  whilst 

i*w*itO:i    ■ 
*-ann  bocilc  tiffed  with  »*:er,  ud 
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same  manner  if  surrounded  with  -i  trccjin«  mixture  of  pounded  >ce.  or 

lit     M  Uh  I        M      bismuth  it  is: 
conclusion  on   ill         rnilurity,    itatod  "i  fan    work  on  "H  Nf< 

on*  in  whii  i  -i  netted  "  that  the 

the  act  of  cooling  below  40"  Fahrenheit  is  by  nord  d  instincttf 

lln    Unit!,  '  ,UL  l!  .  And  |..ulii  Ml    t  •    : 

in  1I11-.  extraordinary  property  of  <  Kinuidini;  neat  tin  [wiini  nf  *nh<Iif 
■  i>osoi  by  Mr,   MtYed  Tribe,  who.  after  nuking  ex  pen    ■ 


f  k;.  rat,.— yjA/sAix  Esi/C  Jiikinf. 

subject,  consider!  that  the  analogy  twtween  water  and 

•toe  1  ••  '»t  the  molten  metal  then  i»  no  perceptible  nn£> 

through  vA  ich  il  ■  p  ui  '■• I  ng«     The  •    ■      '       ■  ■■  ■ 

iccompan  n  increase  in  :'"i;-.     but  there  -rffl 

i      n.;  [>!;n  r  mi  mi:  to  the  ttct  of  trYfctulliration.     When  th- 

lixntfoi  -..i!t  itcxbibll   '  di*»c  with  ihroxy-hyi  1 

[ration  oj  ih  ■     nu    0  ■       the  rnrticli  very 

i\  :  il     boot  oul  ind   nterlftec  with caeh  other.    Thi 
therefore  on<    f  motion,  «nd  heat  i»  produced,  an<J  vcr 

te  of  soda  01  glauber  ;.ilt.       t\  lai  lit 

ulphnte  m!"   ioda,  and  carcl  .d  with 

:h     the;                id  dj  '!•'     »<<»  solidify  when  cold.     ' 
tipti  unl<  b    1         k   1  -I-,  ■       1     1    lip  ■  :    the  solution  of     1 
-lirll-ii.^                   stMl,  and,  the  nucleus  oni        ■        ' 
ip    hi                     ■'  'i  11)       an    11       .i  in    lion,  ,tml   mi    i 
11    !      iei   -till   mnn 

d,     In!  1  i'ii;'  tchouc.  wncn  stretchc* 

became*  warm  irv*ti     I  of  1    Id;  is  it  poa  libit-  to 

in  the  traw 
breadth.  >nd  the  sum  of 'this  violent  motion  ts  in  fa*1** 
of  thi  1  icit  Is  the  result? 

ti  lci 1         iched  "■'  ■  :nflt>ei 
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.      . 

■&.<  -mcd  And  lift*  the  weight 

Its  itwancc. 

■f  duW*  i  if  tn 

•  »c  uicful  imtrumei  ih':rmomctcrc»<ir 

H 

■:'■■"   ITT.    |\    <**!. 

wmr  di.im'cl       I  hi  ITii 

■ 
■ 
tbu  in   >tncn   »r»d 
*.ict  meter  «*ould  beincorreirt. 

■CfCn  i.i/.Mli,  is 

■ 
ar  to  the  ocbrr,  u  .  cred 

., 

li 

■    ■  I    ■ 

■ 
II 

ptndcd  hy  

Hu'  mercury 

•;ed  in  by  the  prtMUK  of 
■cvof  thv  :iironvi  n 
'   ihc  TOl 

,...,,.       ird  o 

nln    li  i  - 
htMwg,  tht    mm    rrrlothr   lxu1int;-pnint,niHl 

mercury  i*  t«\< 

rttwrfl. 

mercury  roc  i" 

■ 

ulb  and  tube. 

il    *h<>M      m      n.  . 

kfiiAj.  Mimld  be 

tilli  t!  with,  in  the   in  wii- 


I 


•;M    in 


Of  Ihc  ilictcfort-  inportiince. 


■  at,  ami  b«<      ■    - 
!  willuuM  fncuu 

D      .  .      • 

i  the  turn' 

iim  i  -'-.ry  |Q   LltHtl    i 

tamp)  id  com  irk  the  | 

the  mcrcun  mn  stands    one  rial,  u.d« 

other  the  boiiinjc-jHiinL 

I  Ik-  instrument  mu  iwrsH  in  the  melting  la  untfl  ihc  mere*y 

-sthc 
■  ■  1  be  I  whci 

29'fiory?!1  of  iht  wsler  in  Oi  ;d:«« 
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1 '     *■  • "  be  .i  shallow  one,  Imt 

bnib  J  II  :li .11 .  :  it:  ..:"-!n.  tube  up  which  the  rnercui 

pi       Distilled  w-uei   ihould  be  utcd,  am!  bci 

m   illowetl  t<i  ':    »i  in)  ■  ■■  Bt«fft 

would  raise  the  lanpenttvn    ibovc  1)1  The  »|uot  tf 

il  between  th    two  point*  1*  now  divid  d  inio      -,   numhn  "I  op"' 
p      ■  which  vary  accordtoi  to  tbi  iK) 

f;1  F-OKland,  the  interval  according  to  t  isoivklcd  into  iKoptf* 

[J"    rcrobeinK   ,-    bi  -i.  u  thcfrceiinff-point.     Un  the  Continent,  the  intcm* 
■  CeUiun  into  100  c  lied  the  ... 

onetimes  into  80  parts,  a 
■  ■>'  ■•  tJic  «ci  i,  n  before,  bctng  the  (recant-point  ol 
ili.u  uf  i  ;ti.   mon   Hmple,  and  «   1  Jly  idoptol 

hunt  the  civili.M.I  world. 
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■  v  hrrit  *:.-  X 

I  180  i*  CQ  1QOAS  9U1  }; 

I    ■  <    ..       Ko  -  9  1 

li  by  multiplying  by 
■  of  K&nimcr  by  multiplying  by  4  and  di.idin.; 

■ilrtarcrpducH  to! 
bothcuci  isor 

■     :  .    1  nun. 
however,  .1  linl mplK..if<!     hen  i 

roqu  red. 
irenhcit  toCcniiCTBdci  :ir    3:'-:$<>*>C 

ltduee  loo'  Centigrade  lo  Fahrenheit:  100'XQ—  9*>^" 

i  uflicr  i-s  Uicf-.  naud  nnd  known  in  all  b 

■ 

being  C 


*«*i 

■^ 


tm  a 


ill  mi  rn 


Ui     4>  J      •  »« 


Ihc  biKl.n/' pomt  o<  water; 


.rime  cold  arc  rvjiueictl  by  t 


I3» 
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alcohol,  winch  hftl  never  been  known  to  frceicot  the  gjreucsi  known  coldj 

.11   tcmpt-i  ■ '  red. 

■   it,by  the  air-thcrmomeiei     bui   ill  i  mjH-rJtvi    » "ln\Ji  wficn  j 
go  beyond  thai  point  can  The 

(   will   be rxjiLiirit-il  in  treating  III 
th       d<    H  ri|t:  ..n    of    '1"      ■  ■■  ■     « <.  it     :i 

statcvi  th.it   the  l>ull>*  art-  liable   Iti    \  permanent  ch.iri^e  of  cap 

i  thrffvftosnftcfft 
r  yran  before  they  arc  graduated, 
unomctcra  arc  constructs!  few  :.ml  haw 

fore,  different  HUM  rivflll  \<>  them.    In  illustration  of  Uii«  statement,  **£*«: 
^  ilra"  ■■■■>■!  Zambni  I  m  ixim 

mpcraiurc  of  the  air.  or  degree  of  hem  «  my  partkv* 
ie  day — 


yaUiJmh3dtp£±2sk 
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the  construction  f)f  «  A  small  piece <  :«n»4 

in  the  bend  near  the  bulb,  and  within  the  tube,  wnii  I  b*  a* 

i       i    i    t       i   ,  :li     mercury  passes  this  piece  of  Riots;  but  oi 
.:.    nsw  oC  lu. it,  eel  being  aUeto  ultimo 

•  Uc    fliaxiliiilii    loinjii  i.t     in  M  • >■ 

Hiili'  !•■  •   i  ■       i        1 iOfc 

brokefl  by  the  frequent  plungine  of  the  Med  intl  i  i  tin  tl  :  m  n  «y, « 

d       Mi  --><      ""    rctU  and  Zambru  h. 
ium  thcfniniiicter,  supplied  a  want  lun^  kit. 


Fig.  \y>.—  Tht  Atohol c»r  Minimum  7>c/jw*,  I 

a       '      •   tube,  lilt-  hull)    .iml     pni    oi    llir  bore  n|     -.1  [|  !i    iv 

rfectry  pure  npintsoi  wine,  in  whii  h  AW*  freely  i black  rl*MuMl 

slight  dcvMion  oi  th.  th<  in    .i  ii         bulb  will  en  a*  tttrylitai 

tne  surface  of  the  liquid,  where  .i  will  rem  cm  vkJ 

n    ■  in  i    '  :  smpe  iture,  the  >!■ 

■'       .:.-.*  of  trmp.  i.it. n-  ihi  .ii    !  ";  alonu  a*c*DvU  i 

nil  «»f  the  index  furfhtil  fron 
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umTrmfen  thtAir.—W  -I...    BO 

liti  .  t.|:  ■  )m  ■  ppci  . 

»'«.  •>  .  w    III  the    t'(    |1  Q  1.       11 

.1  )n  .1  for  ihiit  purpi  ■  ■■  ,   n  -hi  l»  n 
t«jlb  ij  ■   in  incl    lower  than  the  upper,  irihoendc 

Ammeter  furthest  from  the  bulb.    then,  on  j 

■ 

in  the  bu! 
tjctj'  iilli  end  of  thv 

rfo  .....    nl    1  I;     iitHc*  will  .  .  ,       1     .,      to  tbi 

olainfl  1     re  ah  1         01         he  same  i  11  in  i> 

Mill  when  1 
lb  full;  J,  with  it  ■ 

. 

arrange  tli  by  au*in| 

■;  a  portion  of  the  spin;  from 

n   i'i 1   ■ 

1  In-  tu  U-  1.  'k  1    tn.  ■  n  .  ■  ■■-.  1: .  loc  mi  1 1;* « 1  -  I  hem  en  i:;i%i'  n;iUj 
ta  11111  il  thermometer  whnv  rjro  [and 

mini    wcl    the  :  pp  1    m  I  ol 

OJbrtn  >*■<     I  ■■  .it.il  1*  h.iti;-:  nj£  in  tlirhnn*  ll 1     ;!  %a,  the  flntacbod 

M>*f  it  can  be  joined  to  the  mam  column  by  swinging  the  thennomaa 
A  paidulous  motion,  buib  it&u/nu\i/>.'  . 


Tim     I'v  dm]  TOR. 

mating  liijjh  temperatures 
mdii  it ion*  d<   end        1  di    1  on- 

aIii.'Ii  will  iniilr.il     asmticll  >i>  tlw  l"i!;;  unit  int. .cm 

•,    ,\  I..)-  .ir  oonrfintu  ce  .    .    . 

tco\  and  cnulri  not  be  correct      1 1 

WcdffwoodH  iMtramcD  01  the 

il,  arm  d  much  nearer  to  a  correct  estimate 
heat.    Dnnlclh    II   h     Mtnimcmtncrei 

.  tv  Follow  ■  i  ti  '■'    "■  1  p*fU  -  wWi  1 

1    -i errand  the  seal 

■  ike  I.      In  '.!n.   .  hole  Li  d  il  1  d,  Im  1  M  bti  !i  I 
iu.1  ilroppol    :tnd  wliii  li  w  ill  then 

pan    1    11   .  1II1  il  il..  1    mi  n 

1  iiil  1  ittlr  ici     it)  il*  pi.  I  ring  Of  StftMPOl 

,      ii  il  <                                           ,vl  i.  :■  1     j.  11  j  r.ul  ;i«   iy  .it  tin- 

When      11    1  irrangcmcnt  is- 

rh.it  III--  till! 

y  thai  id  th   I,  •  A,   1  '■■  II  b    h  ft  at  lh<  po  Di 

«4ont»tic-  it-nt  ol   the 
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Ijccn  &IUH  forward  from 
i^ScUol  ■■• 

li 

-ftd    I 

..    '      ..    : 
puie  ol  brass  pr        :  •  an,;k.  wl 

the 

toda 

••  A  ro*  able  arm  is  attach  od  upon  this  frame,  i 

... 
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b 
end  of  nhich  wmcj  a  nonius  with  11.  wbicl 
inner  (rndi 
rs  the  cent:  ,,  btusc  steel  point,  turned  ii 

to  11  an  obomaUon  i<  i-  <>r  ma 

■■  ),;  •  is  to  be  prwied 

\H>tCt 
"Ihc  r 

piece  ui 

0 

..       ;        ■  ... 

"The  minute-  benben«:< 

mm  their  .  ..  ir.ii.M  .  ■  ..-...:,  ,,    ,,,  1  u.  .■.!..,.   .«,     1 


■»  ill  ' «  '  >u  id  that   lb* 

■ 

il  piece  of 

■    ,    ,.      nth  I 
..  «hi  I.  d:  /  it  1 

IicothSci.  also 

i      foUfl  mi  band  if. 

ill   <  rcl  '  u  rub 

,     ■■  . 

11,  it  or!;. 

i  foe  ■Kami  <;n  the  division*  of  graduated  kaIcs 

■ 

Z  the  RXMCV  in  I-  i!i-tf  im-.i  '    -.'  temperature  )t  *i 

!>.■■  ii    iccui         -  bry  the 

Ubx/  nwon  foi  !<r  of  «lcfcree--        u 

[hfclTlfcWH  OfallOtl  .Mr.  ii    i;,    ...    . 

tiny  point  of  o-  ;-» be  278?. 

. 
Ud  by  Mr.  W^w-aod  At  30,$;  *  I 

1,  indeed,  make*  *n  inn  h  i&  calculated  to throw 

iKc-accur.it.  teat  one. 

■    in 

"OP* 

'   1.   1  iiu.  dded 

,  from  » 

:  ■ 

.  thai 
-.  may  be  tratcd  from  one  remarkable  point  of  temperature 

atlit  trvcar«<>'  h«t  ir  man  fit Go*, 

BtCT. 

tin. 

.... 

■ 

J-femone. 
•  vramettr.  the 
1  ibv  lOMptnturc  U  f.:?':  the 


u-- 
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at  determined  by  DankCfs  j>>roin.. 
rfcCGJtn*   •■! 


41  OfcP* 


■ 


■ 
■         . 

Iron,  cast 

■fan 
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%/*> 


i    •• 


'iW0**     i/»m$j 


1,00' 


I.OC 


ttf>l 

i  -i 


I'i   1, 
■     ■ 

.  that  heal  is  a  modi  ■  I  •■  ihc  .unoim*.  of 

which  products  the  u  oa    I  l>y 

I   IC    01  which   WUuld   Ik-  n    ■  ill    .         .tn 

ig  the  «il«U  in  uli  |i 

.i    MWCl     ■  ■ 

hi 

on  to  *n  equal  aim 

WOUld  CXCTl  ill  CCjilOJ  pOt  •  tBtMll 

■ 

the  pi 

the  Cathedral  of 


TV 

i'ii  •vhcilwi  tin.-.  J! cUMndX 

the    CX p  i  .        .     :     ..  Ii 

' 

i 
]■   it:KOYt-.C*     thl 
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n  k*r-<\  thai  c.»ii.  lion  .-..,    r  ,,t  quite  overcome*  and  that  (hen 
nbk  ^mr-urn  of  that  ttcct  which  leaded  to  keep  the  pai- 
^■KL  the  c*jc  • 

Sii  II. 
illy  upon  ;hi»  <   ■ 
at  rxraibtc  to  account  for  all  ■  posed 

AOhd* 

nft>«  through 

..... 

I    in   I  he    i. 
round   their  own   »*.  -.  with    d  th.       artldi  •  >l   - 

mo*v%  with  the  ,-•■■■ 
■ 

upon  the  velocity  of  the  cy  id  the  mi 

ntd In  jrcAtcr  Space ;  and  lb 

■      rvjil. lined 

•eejuencc  of  the  revolution  of  panicles 
L\ct  at  the  mom 

CtJ  \'r  .-.ipidly  of  vibr.iiiim    in   comcvUItnCC  Ol  L04    [notion  of  ih' 

ft  fen  been  jircnn'.  clt.il  AOjOtfa   nl   rlirir  Own  -.ol  :iu    li  | 

i?«c  «  ;■ 

.  and  so  on  at  higher  or  lower  tempcratiir. 
the  pressure  of  Ok  oXj  rt  main    Lhi  i  imc.     H  toe  < «    ii  ■:  id        i.  i . 
:••  of  expulsion  of  an  I  bo  i  :y\<  '■  ol  >'    \  ton*  foi  every 

.:  (nehesof  air  at  12*  become  491  Bl  u 

■)"-    a  H 
31  193    ■  35 

■ 
efficient  r  1  11 ''    1  all  gases,  expressed  in  decimals,  is  oco.3M>. 

i«:  probably 
.    1  -Kit  and  ntoogen, 

p&ari  the  cs.pi ns ion  being  greatest  for  those  which  are 
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■ 

.  .1  to  100  '      ...    -i    ■  I  . 
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nehlorinc  acid  i.v 
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tpoorcM  tiW  hydroon  expends  the  ..  as  mr/nt  be 

|Il|.i:.i!l\r 

'Pfxirx^t  lb  .ii  ll  11  uf  capon 

^scs.  that  cyanogen  should  ha*e  been  repfi- 
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I »  volvmi 
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fcrtwrr  i  i  I   ■   i 

c  *iWu/.-  yd.,  :  m  both  ca3ci  the  iamr> 

EMI.      Svyycmng    I  .   i:irv    <i!    the    ,;.m,    -., 

I  kept  constant.  ;73'.  t<n  grains  of  combustible  matter  arc  ncco 
u*  the  tet&pcfMurc  o|  the  (u,  whose  >«***»  is  fccM  tt,  an 

Mbcr  of  dcgroi  ion  of  ul  graini  > : 

ibustiblc  matter.       TVk  kfitf  prc<inc*4  -h  tA 

sumed  i»  liiftagiii- 

lln-H    tin  !  :i:..'     1J1  !ir  ym!iu 

■  the  quai  : 
nit.  .     tutcd   ihc   btuia  from  which   the 

■1  CY,  i  -   ill  ii    it  <1    ' 

been  contrited  to  determine  the  amount  of  expansion 
n<    uf  the  moit  sample  i* 
by  LanJncr. 
ca  s>ph> ..  cd 
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a  jiiIh:  with  i  itojxock  r.  under 
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bohroTital  bna-:h  united  to 
i%  connected  with  a  tub. 
m,  wfc.ch  termini.:. 
s6e  or  ball,  a,  aJs©  made  of  pin 
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air. 
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■      th<    ball  Abe  imnterv. 
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'i"he  Air  In  the  bulb,  expanding  mil 
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tfnicklyb  because tbc  iron, b>* good  cor. 
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;  iflow,  aw)  virar 
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coarse  r  .;ood  conducive; 

tallow:  but  tin.   htndil   iv  their 

jw»tr  by  the  tallow  hole  time 

ocolnxdown  to  com  mpfffltum 

;n*,"cment  of  the  ten  At,  name  '  Ij  log 

':<K«h,   :■■ 

cmtr  of  tke  iron  n  i  rooductlnj 

mmi>  b 

Ac  fcwo  cylinder  Ijv  -.  .11  nnm 

Vroiv  •  w  only 

»Coi  u  i  nidc,  around  its  i  i  noe;  Jo  the 

:  lien     .ll     ! 

net*  •*  Eton  M  the  hot- water 

OM  they  may  form  *  tnpod  f-ir  in  support  (this  arrangement  must  be 
tinea  a  steady  :.■'•!■    ;    Lhtfl  remmv  UM  pUl  ,  without  disturb 
it  with  boilinc  water,  und  carefully  rcpl  land  up  >E 

WthfcecjlifeJcr.  w:ll  i  m  .ibuvc.  Instead 

tbi)    if:  'ii  m  mint  will 

R  no  diflVn-  i 

■i  itlng 

tic  II  r»  remain* 

1 

:  tic  I  or,  and 
ale  amounting  to  ioo»  we  have  the  following 
'     obtained  b  i  nnd  Igcnhausr,  by  watching  the  rate 

vu  melted  at  the  end  uf  ban  of 
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molecular  motion  which  can  be    el     p  In  bismuth  occurs  much 
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"*k*«ored  koH  would  represent  pot  rt  circuit- 
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3  actual  heat.    A  country  in  a  stal  wojld  have  f«ld  ooroj, 

y  in  pa]  .i:i  jt:ny  .  but  the  '  ■'■       ■         formed jcdin  actual  Venice. 
M|d  ,   ud  .»*  [lic'iiriny  btftftlttftfe  active,  the  potential  energy— tfce  " 
Ippl  \i*. 
p  |Hiunc!  nf  hydrogen  and  ctjrrit  pounds  of  oxyscn   contxm 
u ;  when  they  unite,  they  form  nine  po  i 
Uld  the  mechanical  value  of  the  heat,  or  actual  encrjer,  "J  "cr  « 
10  a  force  that  would  raise  forty -icven  iniilion*  of  pound*  might  one 

The  change  of  one  pound  of  hydrogen,  h)  >  n  withevjte  r 

■i,  mto  nine  pounds  of  watej  would  u-  .i  simple  of  "cwrroical 

Action  i"id   ii-utMin   iire  riiu.il.   I-    '  iry;    *n^   therefore    Pr. 

admirable  lecture  "On  Rcicrse  Chemical  Action,"  delivered  before 


i  ii 

«.  iMflWk  "I  -*f"   Mlcd  liv  »f ml. limp.  »ml  •l-llwfli>{ tieJm  lit  ih*  |.Uh tin")  tn t<»,  fifelcti 

j,  ,,..i  ,n  .  i,.,!!,  .v    n„te  in  a  mcbtir*.  toil       I  ■         he  intra*  !• 

p»p«  c     iv  tfWB  pneunutic  trough  and  lube  lor  collection  of  the  two  o<«rt.  tw>«jet- 

moftinRofthe  British  &ssmx£arJon,held  mi  Norwich,  i*  meat  irdca 

it  supplies  the  reasoning  (bi  ih,  opposite  efleei    rit,  theconvenioaoT 

energy,  or  heat,"  into  potential  energy. 

By  pasainE  the  vapour  of  water  through  ■  5pir.il  platinum  tub*-,  made 
hot  by  the  oxy-hydrogen  rtamc,  the  vapour  U  divided  again  into  it*  elt 

<  n  and  hydrogen.    Thii  beautiful  experimen    tc  wen  thj  of  the  juibt 
the  "  Correlation  v(  (be  Physical  Forces,    Pnifcnor  Groviv,  U  ihoi 
i'. 1. 

ThephUnuml  bi  has  no  power  to  unite  with  tin 
it  ia  simply  tlir  vehicle  for  ilic  application  of  tbt  heal  of  t'11 

bydrOfen  blowpipe      1'hr  potential  energy  of  the  mixed  gnscs  produce* 
n  1  ■;•/  or  heat,  ,x\u\  the  latter  again  store*  up  potential  energy  b>  the 
duct  ion  of  hydrogen  and  oxygen.     Nothing  frm  Ik-  nun-  p.*necl  aj  .1  r 
cxDcriment.il  reasoning,  or  more  decidedly  illustrate  the  convemon 
nto  .n  lu.il  energy,  and  vice  ivrxA    It  is  a  true  illustration  of  *l 

"           ■,,,TOri*  and  enable*  the  student  to  realise  the  magnifi) 
which  Ic             otnrag,noradiniU  thedcttrucciunofanythinff.bccauoct] 
out  the    'i  .mi   of  LheM  twi rrgics,  called    "potcn' 
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i.  Shu*:*!. 
'«  application  nf  some  external  tort*  or  arency.  wtuch  force 
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■  :  ■■"        ■  ■  ■  ■ 
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robbing  of  ike  sun'i  rays,  an  the  beat  of  these  rays 

mrticJ  uf  :l.i- »u:'.  i..^«.  ilic  ii. - 

cctcd  of  the  •  and  vater  into  i    >:  w, 

itcd  in 

:,    |    .i!     Ii:       ,   nf    Inn!   CM 

fo  m  of  actual  em  potential  beal 

Anitil  caui  trgtats 

*  life  witbo.t  Id  Wc- 

our  ii        t  us  without  knowing  it,  been  realising  that 

pre*-  m  cucumbers." 

fldV  ;l  that  V  .in'!   KruiM  did  not  employ  tl 

ibcy  «aed  a  n>  d  arrang- 1  kctrit 

■  ■.,,,,  ■    ,,i    hi    '.'■'!    dl  will 

i  i  LI  iy,  tre 

n  nal,  raw- 

*!«■  il  lors  of  licit.     The  subdivision  and 

*>f  tl.  .c  pore*ity,  and  decreaae  condui  tivtty. 
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down  quilts;,  arc  .ill  good  examples  ol  idroua  c;irc 

«tor  hasforesevn  tl  of  tfa 

them  r-   i  ■  <■■>• 

4  wool,  the  pioi    I  ol  ■■  Ii  •  <■.:■•  ill  il 

-    good-l  «>:;(!•■-: :  n;;    - 
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:  ■  h   lull  nI  L*  i] 
md  familial    i  •.  unj il  ■  w    appticatJeti     I 

ton, 

I  of  tax-  troy  i nl c (cm 

of  t96?,  v 
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.    |    ti  c  m  lining  the  food, 
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iauccpan*  are  covered  with  a  thick  felt  cover,  and.  the  lid  «»f  the  boa 
rest  of  Che  cooking  h  done  by  alow 
led. 
The  bcitcd  v<.  -.ijtoff 

i   '       ti      •>  ili.ii  i  tHnna   ,111:  Into  the  Apparatus  1:  9  i«  im  m 

rrnllMk      i]:;!.      hot      .111. !     :■'       1;         \     %  11,   .llltl   WOO  Id     keep 

to  10  or  T3  at  ni^'ht,  bec  clothing  SO 

CMC  Of  the  hat;  and  45  the  whole  is  enclosed  ma  box,  there  are  no 
of  airtocirryolT  m..  heat  by  convee: 


Fia  %to.—  TAe  Ar*rwg'**  Seif-AcfiNg  Ca&img  A#ar.u 

..■■'•    I  Willi  full,  ■  «,  u.uvpun- 'r  wW^koJ-* 

for  01  »»■  ■  mo  1  m 

The  pnnciplc  on  which  thi*  rooking  ftppamTM  ads  Is  th;.  mf  rt» 

I    1  consiMinf  nheat-P  :m  ■  .. ;>p  1*  nertu' 

rotor,  and  of  one  or  more  saucepans  or  otii 

made  t<<  fit  Into  a.    Where* a  tn  thcord.n  ir) 

■uQytapt  up  during  the  whole  fthctii  dforcoin 

|H'"  '       ill'  •  .iiik*  !\-,ult  is  obtained,  in  U5>nj:  this  appai  itu 

ili.  food  ■  boiling,  the  rest  ol  the  cooking  bcinK 

bj  ItscW  in  tho  heat-ret  unci  av  iy  from  the  fire  Jtogc 

Ofrti  nxr     Put  the  food  intended  :"» »r  .  th  inevoj 

ftoid  cwdt  into  thi  aid  place  It  on  the  1 1  ri 

whenorfh    pormo/ boiling  %kim  if  minirrd,     Thi    doni 

■  u.     ...  ..■   .  |i  v  1  linuo 

■     liruti      of  these  few  minutes,  tub   it.  fire,  md 

.1'  cover  it  <  m  ..    I    tlic 

1    "hi  of  th<  apparatus  firmly  down.     In  this  state  the 
■  tell   without  rail. 

(ft  tttt  •:  '.  fYttfrf  rfl:  ^J /* 

•thoftim   which  the  different  dishes  thoiMftfn» 

Irt  thi  ■    \ Ing  to  their  nature  i;«i«^ 

■  \1   ruli*  thai    tl.c  KJiiic    time  \\  reniiirvd  to  <■ 

,.,,.,       1  MOW 

pMti 


oy, 
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'fthcrsKii.  t 
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co  promote  rind  OOfrycn  utility  remains  the  same,  ornearlyao.   Ifthc<oM< 
absence  of  hcai  i       ..  ly  to  be  dangerous,  man  use*  the  skins  **d  fs 

all  for  his  clothing,  and  takes  care  (>•  low  little  or  no  In 
ether  hand,  if  the  heat  is  excessive,  increased 

•  >ui  persplra i,  wJ  ich  carries oA"  the  boat  tha  imuioteand; 

dangerous.     Solid    wdics  convey  their  heat  rapid  lj  in  the  liun 

the  reverse.     Soirwbo 

of  cold  :  but  when  the  snlmal  was  carefully  d  o  '  nftril  an<i  th< 

jr  <  si!  !.»  the  i  old  prodm  ''1  b)  .i  freezing  mai  urc  the  conducting  pc^ef' 

metal  was  too  much  for  the  animal  powers  of  the  froi;  to  resist,  and  b: 

killed.     The  air  during  the  summer  months  Is  often  v:i  m.m 

too"  K.  in  ti  ofthetunUfht ;  bui  in   hew  (torn  \.r  it  eery  slowly 

municated  to  the  body,  and  the  latter  hfll  Linn    I     BfUtralSti    lie  oil 
burning  heat  by  consuming  it  In  work,  /. /.,  by  forcing,  water  tliRasjjk 

p  res   i  the  >i-ni.  and  converting  :i  In  pan  Into  \.< 

Tin*  vrr\  Iqu  i :ond ■.:.   ii'ity  of  tin-  )[nv-i  i«  shown  by  wine  vex; 

-or formed  by  Tillct  in  France,  and  by  Df    Fontjxr  ^nd  $ 

I  It    ile*   Hl.iytleu  licit   Otha       il     I    •     -t ml,   ATiit    tliu*    leUted   br    S«r    Xk/M 

Brewster  in  nil  charming  little  book  called  "  L  ■  ■■•■     il 

Sir  Charles  Ulagdcn.  Dr.  Solander,  and  Sir  Jo:cph  Hanks  cm 
in  which  the  air  had  a  temperature  ol  108*  V„  and  remained  ten  m 
a.*  the  tbcrmotnetei  anfc  wry  rapidly,  they  reserved  to  inter  the  roorntinfl/. 
Dr. Solander  went  i n  ,-ilonei  and  found  the Vicat  3 to  I  ^cph  enwe8| 

when  the  heat  was  up  k.    Though  exposed  i  tied  tempi 

ihtir  tfmiUs  pr/xervfil  t/'u-ir  i/rif:jr,i/ ifygrwf  rf  hr.it ,     Win  .u  vt  I  they   '' 
upon  a  thermometer,  it  sank  several  decrees:  every  cvpinnion. 
if  sir. >  ■  c  a  pleasant  impression  of  cookies! 

ilicir  ,  ,<l-i  fiYiii/i  coaled  their  fingers  whenever  it  reached  tin  n 

"(in  touching  his  side,  Sii  Charles  Ulagdi  n found  n  d  cwpit;* 

yet  the  hc,st  of  hi*  body,  undci  oil  tongue,  n  n   ojS    i  , 

"I  ii-ncc  they  concluded  thai  the  human  body  p 
ing  a  certain  degree  of  heat  when  communicated  with  a  certain  degree 
quickness.    This  power,  however,  they  concluded,  varied  m  various  m< 

"The  same  person  who  e\perie:i<  vd  no  inconvenience  frtnn    til  heated  I 
■  ould  just  bear  recti fn  :  ivn  i    it  1 30". cooling  :»il  at  I 

.1    it  !-•».  and  cooling  quicksilver  at  117".    A  familial  instance  of 
occurred  in  the  booted  room.    All  the  picoci  of  men]  there, 
<  bains,  fell  so  hoi  thai  they  could  scanreli  '  <  ir  to  tou  h  the 
win  i.  -hi  .in- fmm  which  the  mc:.il  had  derived  t  wo*  only  nnpli 

-  Hcsaca  Uuhamcl  and  Tillct  observed,  in  France,  ih.it  tin 

tomed  to  attend  oveni  m  n  bakehouse  were  c  i  enduring  fa 

erature  of  370", 
"The  same  gentlemen  who  performed  the  expertrnenU  OOOi 

hi  maelvce  10  a  Kill  higher  temperature. 
Charles  Blapj  m  m  nt  into  0  room  where  the  heat  was  t'or  :* 
160  P,,and  remained  eight  minutes  In  this  situation,  frequeni 
lOall  ■■  m  ports  ol  ihe  room,  bin  standing  still  most  of  I 

OOlCSt  Spot,  wlirn-  t lit-  hr.it   tt.i-   ..  I 

'*  1  .!■■  (ph  very  hot,  gave  no  pain,  and  Si    Chattel 

gentl  of  opinion  1  iat  11    j  could  have  suupoi  cd   1 

■ 
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'l»£t-*C  -  jgdcn'*brc«hmKfcmaiP»eiI  perfect] 

ifcffttJ' 

i  rove  the  room.     Hie  pulse  was  ihcn  cu 

■itktieu. 

I 
■ 
such  a  1  muc 

ujjon  ±  ft  i!i  ■ 

■ill      til.       M. 

KE  of  twen  :c  muted  hand  :  and  m 

■!i-',.       Ai 

5— it'  ■:  minute  >      I  1 

g,  ihcn  the  heat  «u  Mill  more  elevated,  .1  third  bcvl  itcak  w .is  laid 
pl*c.-.  iac  the  crTca  of  the  1 

«   UpDl     In.      lC  ik   v  .:■.  .    p.iir 

■   ■  hastened  the  cooking  o(  Jbrtw  t> 

let. 

RK:  I    ■  fill  ■      «•       <i    li:lll.:*U    .  1 

Mill  '  £-*»  than  .my  v>:  mentiom  •!. 

fay  ■  i:i  i.|  u.  I 

crmoeactcr  stood  at  350"  ¥„  and  the  mm  floor  was  rc<l 

.Jking  ©v.  11  floor 

ctof  red  on  the 

:>nilv 

two  minutes,  they  brought  out  R  thermometer  which  stood  m 

: '.and 

■■ 

rrslM^  jc-  obi  1 

I  the  hljjti  1«  in     l'     ■*>: 

;:.i    -I    [he  nov 

1  1  odv  rcsit-i  .  ould  cook 

Itj  or  the  mfttnten  n 

the  living  being,  muM  not  be  wholl; 

-      ■•    „    .. 

lifltor     •  ■        1 .1  ui.  ate  all.  in 

■  ■■...! 
«t*ji  •:•»•!'*     '•(  tin  .in il    tin 

-  ili'  -.«•  eaperi  1     1  Tit  tbc 

miti  .i.M  .■   hc-.ti 

Bl  dt       bi  -\  because 

re  Wi  1  ni  du 

noosed  oi  rail  r,  such  *n 

lOalU  be  beeaibed,  would  impan  its  heat  with  dangerous 

lie  fc-  'I'  • 

1 

■ 

t«  nr^bi»  ir       'I    u    ■■}•:•  tried   by   nr»t 

.  ,:  .  ... 


;.  phon  vo  ind  vulh 

>-.£  subsfcrv  <rf  the  boilin;  '■ 

lien  (Ik  I  would  run  a  mac  risk  of 

■  -iifte.  one  of  lnotc  ccptti- 

. 

rid. 

i  holing 


164. 


ikjuwt      n  .old -ilc/.    I 


KM  follow  Ehtf  -    tier  trill  not 

;  h  u  -..■ 
tofian  of  the  Mr)  ch  is  immodiAtcl]    set  up 

...  .....  .        ■ 

■ 

iud.  it* 

.     ■ 

.■.  in  li  lii-  l"  ■  u  -h  ■■•  ■ 
[|     iipcars  lo  bcOniilitfiil  tthi     u 

h  uith  |iqt  ion  il 

,.    i 

Mr:  ivection," 

c  must  be  applied  at 
.  the  ^  ipcftdfid 


joo 


IT. 


:c.    IBd  tli-j:.  1  01. 
i         •     'nought   : 
point.  z\2    I 

When  Sir  Joseph   Hiflis  and  oth<  .  .merited  with  the  !«■ 

i  ih  .:  ii  tl 
to  ti  h*  bi 

bcum  nd  with  dead  nuttci   ill  *  higj 

■■ 

A  kept  in  motion  am  powtr 

use  ol. 
"I  he 

i  set  In  motion,  the  wind,  the  can 
the  eeddb!  i  »crernp4< 

el  b  d  froicn  or 

las  .-d  *ir»  drcuhtico  mi 

■    :  1 1  ■  ■   I     tO    i:'.'  ■     t. 

hit 
tureol  l<0   I   . 'lie  nerves  are  mm     !■ 

||    111:  !lir    hr.il    |.   .      Iftl   1     pa  infill,     l» 

\  i anil 
there  ore  the  tr.ide  winds  and  the  -  no. 

apnea  the  h 

•   <1  flow  tonnrd-  ijhwt  cjtti 

equator  to  Ihc  pnk?  most  be  succeeded  by  under  currents  from 
the  equator. 

Th  coldcf 

i  i,  . 
,  ,  ,| 

I  i  Ii-  r<  .i!  t  mix  .,■ 

■ 
ElOn.    I'--... 

Inland.     In  mild  winters  :n 

i  the  jrood  offices  of  the 
season:  and  these  carrier*  oi 
but"  icebergs. 
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Acrrvroi 

i  KM  «omcr.  it  tctnwiir 

■    , 

I 

■ 
tlxtf  there  afev- 


k*fi*-  V   b  tmtixl    JN 

another 
C  «*  •  4  Appucni  to 

i.-.tof"**  ;'il  energy  "foe  ih.n 

■ 

« ; *e  »hi..-  nail  may  be  wormed  by  any  conicnkn;  source  of 

• 

cold  k  m*y  b:  ban"n>;ic\H  on  an  uutft,  by*n  e*p«       h 
omet  so  I.  Tin    it  ii 

led  "Uccni  ■ 

I  Mjb^tiTK'  -I  the  iron;  the  djiumucal  theory  n 
iiwa  dMlnci  subtle  fluid,  but  McntM    tl  :l 

thr  it; 

Rankir.  of  the 

OjhtftL 

Ev 

•ii   Bork.     Ii  i 


fattmi. 


to    be  Iwing 

done. 

1 1    .   .. 

Ol  tO 

isundcr  or  Mp 
bodice    CohesJ  •■•■.  01  moli  -  il 

cwrgy-  'vill,  ho* 

foeir  ■    the  cqimjl-.i.    fee  QWUd 

I  a  TiKtil  \  cxpumlvtl  b/licul,  i-vi-rr  ru»:  i    rowl 

;  tbe  «Krj;y  1/  heat  mil  p  of 

When  .1  mm 

i<  i     *  niili 
hac  the  mi  "f  the  m  |>ushod  aiund- n 

ifth*:  irk,  which  |  hout 

b  of  the  mcul.  js  riot  viable,  and  therefore  mai 

NBaxnpJov* :   i    ,-r/--.-,-r -.••/>  ;.  tV  rabintfof  a  weight  from  iIk  ■.:n> 

.,  •..!:■,- 

;  i  In  tfe.-tr  place* 

'Ok    ■ 
l*-*oe«t  can  perform  work.     Whilst  Ii  m  ;in  :    in   ■  l * ■ 

tMjKAMU       rVK 

■mn.lion    of  ff  ■■■  ill 

■ 
ultimcc  otows  of  bodies  foT  the  vrvbt  *nd 

U 
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miu%i   t>e  evident  ih*l   whenc 

too  IB  -ai&9,  *r  ■:  M<4K1  COCK  at*  ' 

;hl  to  the  earth,  and  the  rcsa*  mu-t  be  the  pr<S.Pi 
of  atrtti.il  cacrgy,  or  hoit. 

Th»i»whnl  ;v;m  when  he  speak* 

ihcai 

Tl.i» 

mol-  ti  of  the  mole* 

rcatc  thai  enctg; 

.1  good   iUmtratioo  o 

■ 

I  lll.ir  COpp 

■•ceil,  and' '  .ntfcafroaa  o*owi| 

to  crogySo,  ovyyyt :  and  its  specuV 
apidn  tic-iced  red  hot  and  ollovcd  to  cool  slowiy,  as  Is  dor*  in  * 

EU    -p«ific    licit    rrfun 

ili. i-  it  •■  i 

I 
p       k!  •  iithi  •  (mi  her 

■ 

ile.     ! 

I 

dCOfi 

shall  now  direct  our  ni  eh  v.-hicfa 

tdtngti  *f  tJkt  ..  ntly  bested,  a  soaxii 

ufficiently  heated,  a  lianid  assumes  the  form  of  eat.     Let  « 
the  ewe  ol 

it  rtaaa  lo  U  this   point  the  ice  b 

•     ff*ft»    OS  I,  lit  J  ft*    lt%     T* 

-mo* 
■  '  ■ 
JO*,  fto\  too7  C  ;  here  v.cnm-buUbtes  *4 
boils,  and.  from  thii  pamrcb,  /Ar  /d/ram—alur  i 

*iifv  4/100.     But  ar»d  d«taw  t*w 

. 
1 
'  *jur  at  loo'C.  inloapoundo/V> 
tea  a*  much  r>.  red  as  wcMd  raiuj  a  [■ 

dexrer  in 

.  >lli  '     latltj) 

537-  m. 

M  It  «*ai  muult   ■;  tfi  tlici 

nophon  the  i 


nted  tha?  it  »a*  rendered  I.- 
(h.m.*.  lo  h'cSe  ii-v: If  i*  same  unknown  way  in  the  n 

hooey  ;inc  dynamical),  lac  heat  expendr. 
V  i;fente<  poccnt-U  encryy  upon  the  atoms:  it  d 

.So  likewise  a*  rev*"!'  n    ''      hc*l  *• 

imllinir  the  ftkraid  molecules  asunder    Tooferrinj;  upon  them  a 
jFMter  asno*r,t  c4  potential  energy. 

b«aU  i»  whkdravm.  I  Ac  moln  "1 

n>  c  energy  equal  to  dot  wh  ■  ■  ■  rate 

■   n      m*uroi  il    - 

.'■.■■  n  in    i 

nan, 
1  *%•.'  ifK.  hov».  uddrd  the  c* 

tuck  the,  almo«s;ierc,  when  i  .ipour 

•  (her.  r  tcErtioa  upon  this  wonderful  substance,  water,  and  trace 

fa  the  vuwj:  stage  h  n  .  its  constituent* 

•  ,ll 

together.     The  merit  this  atomic  act  is  easily  determined. 

d  i  .  i*  <  ui'  dent  1  fool 

.  f  miki   l  -  '  ■  J4/W0X  i 

i    111    .  I    ItydH"  rn    .,    [] 

ravL  in  m  ,  r<>  tl  > 

irth,  ifc  almo*  a  vuiishinK  quality, 

whicaiepir.ii    I  ru  so  small 

utterly  irnrawamiafaoj  will  it  is  in  ovci  thy  u  spa 

etoctry  sufficient  to  cause  them  to  clash  with  the 

ftaaaegy  Indacaied  by  il»  After  combination,  it 

■.].■•  i  1     ..  linki  I     ioo       .      d  !•    iu  .  .  .  .    n  !.  ■-..  ■ 

•  unpound ; 
^^^BDe  Ike  snoWcud 

ii.  d      ,1 
generate  on  amount  of  heal  il  to  raise 

67X9     H.TOiJb*.: 

.  ire  have  in  round  number*  u 
ci  Cjiojxq  lbs.  aa  the  mcch    ..     I   \    r         i    .  ic  mere  act  of  con 


Crent  fall  i-   from  •'     itati    ol  li<  rid  to  that  of  ic*,  sad 

d '!*.    Thus  our  9 lbs. 
; 
tin*  £sH  is  ev  deacrnt 

i  peeeij  i     il  »nil     il    •    equal  to  that 

■ 

■■■■■■■■■■■aaaar*^  *ugn. 

'inehc*  *>l  'in   Alpa,  ahleh  rmoke  and 

ihc  (fcctmtioi  * 

■       " 
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...  ,.    M1.1W  -ll  1-UfHMl 

<•!  wUii  li  the)  rom 

VapoUJ     .1    .  jr.iri!  ;ty,    which    .1    1  i<l     «.t:ry,  *rf  ih.tt    tender  EBi 

m.in  1  of  energy  com  ii      it] 

ill-   i  "in-  avalanche  1  have  ever  seen,  and  pitch  them  to 

height  from  which  ihej  i.  ILfl 

(  ,  icrn    oi    I 

Thi  ildi  U  mast  simple  .wd  useful,  espressos  a  fact  that  hn 

forced  UpOO  0D»rv<r -  i>\    iniiiii  r.»i  in  nli    uilli  the  tlti 

crmonn  Qj     | I       li  t<  rm  w  thi     ^npenuun  i 

fluid,  u)  gaseous router s  but  it  will  not  tell  the  much 

actual  i ■  i u ■  i y. y  iii  con  tawed  in  different  invaaurea  of  the  mom  Hi-  ■ 

nf  n  .■!..[    in  nit,     I .  -.-.  I.  an. I  .1    1  ijl  •  1  .rrwn 

tin  1 1  "  \\a\v  .1  !■  uipi  1  .a lire  of  21       I     . 

■brat  mi:*:  be  much  grrAtrj  in  tbcti    ;rr  mrasiin       tin    11    ■  than  i 

single  pint        1  lv    thermometer  foil*  to  sho  '  :0'r 

tfa  mvc  actual  heat"     the  "tern: 

Meter.  <>r    n.    .:    ■■!■      -)!'  I:^li!.  will  .h'  UO* 

of  liclii ;  bi  iuoa*| 

second  producing  the  light.    A  thermometer  can  tell  us  truthful: 
1  or  odder  thin  jroraia   P.  a  substance  ma)  be;  built  cannot ]§ 

■  nn  !"  tl      mount  of  vibratory  power  given  ai  ■!  the  m 
detached,  wnl  :h,  a  cordi  i^  t- 

foi  tin    (  xprviMori  ■  n  i|ii.imii)   of  lu  ;tl         Clin 

bow  vq  wOl.  which  are  indi*pu<   blc      ll  i"'1       >i 

F.     in-  mixed  With  the    --::m    um.'Ji!    llf  oil    .:!    jo'    I",  'i: 

will  not  be  the  mean,  75    i     bui  8j  ,\     F.    Th 
m  i;;y  '  equal  to  i6Jj  but 

l.v,- 

If  thr  experiment  M  reversrd.r.ml  in  Hit.  nf  nil  .il    i-  >  !h  lDl 

.    c  50    IK     i"  an  u  ill  be  661      the  J3|   acti  il  hi  .1 

mil  1     mi    he  oil  i>  mils'  .iliU-  :■•  miv  tin-  I-  in  -»■    nih  ..( 

lli    ;««■(     .  \vh:rh  will    raisj   th.    tCfflpCmtUl      ol   oil   2*  wdl 

•  rrtltj  oi  water  only  i\    '1  he  heat  that  will  raise  any  civ 
a Or  C  to  I*  C.f  compared  wfth  the  tt&OUlM     i  " 
;in    gqual    W«igal    I       v..      |    to    Lhi      .'">'     po.nt,    i-    ..t'K-. 
Therefore  the  specific  or  potential  heat  of  oil  will  be  a  half,  -5.  aa  wm\ 
the  unil  .11  OM      ' !'-.  Watl  1. 
A\  the  oil  ha*  been  quickly  heated,  to  it  will  rapidly  cvol ;  it  l»t 
baM  thi  I  lieu"  possessed  by  water   to  give  up*     If  d 

require  oni     h  «i    to  cool  ><i  J'»y  given  irmperalurv,  the  oil   **■> 
M.IHC  j»nint  in  h;  II    1      In. hi. 

'-time*  1*  the  tent  lined  Mjmclime*  I  1  dc  r  inin  *  the  m  ■■ 
bodr       tin   in:  .I  li\  .,  *.ul.. 1     ...   I.-,  .(ml      iii    tbt  prnc<*» 

reversed  by  aaccrtiiniritf  the  quantity  oi   ice  which  eaarxly  equal  wofftl 
•  railing  rrom  1 
■  tbi   (1  cunt  01  w.;''   . 

alreuiK  d<      rib  d    ■  ■  1  the  oil  and  water  may  be  employed 
methods  by  which  the  specific  heat  of  bodies  «ay  be 


LATENT  HEAT 


H 


\      i.  The  direct  method  by  mixture. 

2.  Time  required  to  cool,  and  rate  of  cooling. 

3.  Heating  of  ice,  and  quantity  liquefied  by  a  given  weight  of  the  substance 
Bated  to  21 2°  whilst  falling  to  32*. 

By  the  first  method— viz.,  mixture  or  immersion— the  distinguished  phy- 
sicist, Regnault,  arrived  at  the  following  results  : 

SPECIFIC  HEATS  OF  EQUAL  WEIGHTS   BETWEEN  O0  C  AND   IOO°  C. 


OO9391 
0*05701 
005623 
CO3332 
003243 
0*03244 
0*03 1 40 
0*03080 
than  that  devised  by 
ous  solids,  heated 


Water      ....  1*00000  Brass 

Oil  of  turpentine     .        .  0*42593  Silver 

Charcoal.        .        .        .  0*24150  Tin 

Class      ....  0*19768  Mercury . 

Iron        ....  0*11379  Platinum 

ibc  009555  Gold 

Copper   ....  0*09515  Lead 

Aluminium     .        .       .  021430  |  Bismuth. 

For  a  lecture-table  experiment  there  arc  none  bcttc 
Tyndali,  to  show  the  time  required  by  equal  spheres  of  var 
to  [he  same  temperature,  to  melt  their  way  through  a  cake  of  beeswax. 

TTie  metals  used  are  iron,  lead,  bismuth,  tin,  copper :  these  are  shaped  as 
nils  or  spheres,  and  each  furnished  with  a  hook  for  conveniently  removing 
them  from  the  oil,  in  which  they  arc  heated  to  a  temperature  of  i8o°C. 

A  framework  of  wood,  shaped  like  the  spokes  of  a  wheel,  with  five  strings, 
to  which  the  balls  arc  attached,  may  be  used  in  order  to  remove  the  whole  of 
tile  balls  at  once  from  the  heated  oil. 

When  they  are  laid  upon  a  cake  of  beeswax,  6  in.  in  diameter  and  half  an 
fach  thick,  supported  on  the  ring  of  a  tripod  or  other  convenient  means  of 
*opport.  the  iron  and  the  copper  balls  go  through  first,  the  tin  next,  while 
the  lead  and  bismuth  are  retained.  If  they  contained  the  same  amount  of 
fcat,  or  had  the  same  "  actual  energy,"  they  would  all  go  through  the  wax  in 
the  same  time:  the  difference  in  their  specific  heats  determines  the  rate  at 
■itch  they  perforate  the  wax. 

Messrs.  Dulong  and  Petit  have  shown  that  the  specific  heat  of  bodies 
increases  as  their  temperature  rises.  Any  given  substance  will  require  more 
*tat  to  raise  it  a  certain  number  of  degrees  when  at  a  high  than  at  a  low 
temperature.  The  variations  of  specific  heat  according  to  temperature  are  well 
*bown  in  the  case  of  iron. 


SPECIFIC   HEAT  OF 

RON 

(DULONG 

AND   PETIT 

From  320  to  212* 

. 

.           . 

0*1098 

H          392° 

„        „      666 

• 

• 

o*  1 1 50 

0'12l8 
OI255 

In  a  similar  manner  the  specific  heat  of  the  gases  has  been  carefully  deter- 
mined, jhe  methods  employed  involving  one  of  the  three  modes  already 
ascribed.  De  la  Roche  and  Berard  caused  a  measured  volume  of  the  gas 
ynder  examination,  when  heated  to  a' fixed  temperature  and  kept  at  a  uniform 
•■^  to  pass  through  a  spiral  glass  tube  surrounded  with  water  (this  plan 
^■oold  be  equivalent  to  the  **  mixture  "  of  oil  and  water),  and,  by  observing  the 
•""•crease  of  the  temperature  of  the  water  surrounding  the  spiral  tube,  and  other 
<bta,  they  determined  the  specific  heat  of  certain  gases. 


t 
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'y'  .'  ww  •>■•  *tr:  v-vr'-j-r  st^Ki.  v.**—  "Zuc  -ct"  Tanorxring  water  by 
*,,"•'.;•  *ji  ■•,*  UK#titi  >;4.yr..  i.*ii»  "jt  =.19M  *pr:»p:ro:G\.  tx*u  the  greater  tr. 
b^H.- :'.-.  w*s  '^  v*  £*.*.  "i*  *«*  uat  req-^-c  l»OCci  k_  and  nV*  fvral,  r 
i  <  s  #■••".  v-».  *VV.X'.  .*Jrta.*.t  •/  ^Lvts  aureirfh"  ex*T*ijjed  by  De  la  Roche;  bi 
ir*  !•/•  •  ,•  afcsj  ■•**  i-y.x*:\  '/•  ':*-.  swo  ei^**r-zafS'*r;i-»  dad  not  agree,  and  then 
fv#*  .-  .».•.-••  '.-t.-rf;.  .,•.-.*>•.;£*•.  «>a  »*s  -*c;  by  Regaauk.  who,  taking  A 
»y.-  '.•  .•_•  *.*  'A  in  **.**.  •-•:.'$.\t/.  -b-s^eras  ihez^.:  of  comparison,  commence 
»..■".  ..  >.  *;..*■:  •/y.*?\9;,*.  f'„\f,*:Ti%  ub!e  of  tie  5pec;tic  heats  of  anumbero 
•&v  4  -».'.';  -4;^./t  v.  •-•!  »h;'.h  h?  experimented :  and.  what  is  still  more  vata 
*i#i».  *$,/  'AM1  yi»«*.»  W;  ^j/'i'.jhc  heat  of  equal  volumes  and  weights  of  tb 

M'L'.IH',  IIWT  OF  OASES  AND  VAPOURS. 


B'jlMl 


EquI 


•  <:■.*   irt'i   '• 

tfoji 

Wcinbl^ 

<-.\>    "K    VArWK. 

VoU. 

Wblht 

Alt 

"'3375 

O2375 

Sulphurous     an- 

«''>K"< 

M-ft|Cjg 
H'J.VB 

02175 

hydride  . 
Hydrochloric 

0-34I 

0-1540 

fillnv.t'ii      .         , 

0-2438    | 

IIv'Im.K<-»   ■ 

"'2359 

34090 

acid 

0"2352 

0-1842 

i  lilwliir 

ll-4ijfc4 

0'I2I0 

Sulphuretted  hy- 

IIiiiimIiii' 

li-JUfl] 

»'055S     | 

drogen    . 

02857 

0-2432 

Nliiinn  itvuli- 

"'W47 

0-2262     | 

Water 

0*2989 

0-4805 

Niliu  umiIi- 

ii -'4i)f) 

0-23I7     | 

Alcohol       . 

07171 

04580 

1    illlllMIM     UMtlr     . 

l.'J^O 

02450  ; 

Wood  spirit 

05063 

(  ill |ji Mill      an  In 

Ether . 

1-2266 

0*4795 

iUiiIi-      .       . 

*»'.!>  7 

02163 

Kthyl  chloride    . 

0-6096 

0-2738 

I     .llUmil              lllMll 

Kthyl  bromide   . 

07026 

0:896 

phhlf 

U*4Wj 

o- 15(H) 

Kthyl  disulphide 

12466 

0*4008 

AlHIIIl'lll.l      .               , 

O'Ufift 

0-5084 

Ethyl  cyanide      . 

0-8293 
0*6461 

04261 

MimIi,;.»n. 

tf\w?7 

0-5021) 

Chloroform 

01566 

iMvii  nil  fr\s 

\\    1,  III, HI-.          \  l|li«- 

*''4U<(' 

04040 

Hutch  liauid 
Acetic  ether 

0791 1 
12184 

S3 

II  J, 

o'-oi  i 

0-M22 

Itcnzol 

10114 

o-3754 

Si  (it  \\   \  M\>iuU'    . 

*»■-■«« 

0-132  J 

Acetone 

08341 

04125 

1  it  mit  .  ItU'iuL* 

o'$%(\i 

O' 1 .MO 

Oil  of  turpentine 

2-3776 

0-5061 

"•i  \\yn\\  \M»«ikU" 

o'So  tg 

0\X)?v> 
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4A1  *ft*,"-i  ^  fi  r.v  ca*ii*  cviniei'svc.  *ueh  as  carbonic  acid,  shows,' 


«;<'««  ■lkv'  V%> 

Xv  v.     V 

*,s*oi\Lukv  HUii  ihe  *ia'-e*«viU  01    IV  ia  bsochftj  and  Bering  an  incrcast 

i#\\iik  hv.u  with  Aii  -ucivmh-aI  teiuperataie. 
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(fee  a?. 
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infcminj  wop-  li  may  be  n 

Actual  enci;  matter 

.    convened  into  "potcn- 
"  a»d  the  kcal  ■  It  ik 

tieot, «o  wowly v.  it<  ii  into potmtii    ]" 

the  aadd 
Jd  ocosr  to  jiroj>>  113  now  could  be  uuicld]  Con 

. 
.     Ii 

?  awn  "aci 
•rodaccs  actual  energy,  or  heal,  *nd  helps  to  mitigate  the  effect 

^^^Kpectivc  ril  theory)  th.it 

»ac«V  'wl.  produce  a  cuff)' 

*.  *h«.'  Ltamto 

:  .    ■ 

ounce*  ol 
■ 
pern*.  - 

■ 


■    ■ 

Ytf  nowci. 

! 

2«7T  parts  by  weight  of  lead, 
17  parte  of  mtrorry,  »UI  sink  the  Ikennomtxcr  tram  6j°  to 

cour-  .l«l 

<if  1  tii-  »i.  1 


ill. it  •*!.. 

1  hi   tempcnl 

irtir"«n!  hy  «  very 


«fi 


165.— <<  Stiff,  wttk  "SM  //**/.*  .mm/M*  rr«r»  ohtmu 


Instead  of  Increaring  ihc  tolkhty  of  the  ice,  the  n» 
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1  will  have  :4';  and  nun-  loi^— »4*=  !OCtf\ 
utt, 
llo«vd  to  escape  frnm  ihc  M 
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ub»tMicc  change  back  from  tHi  I  slate 

'■"i*  change  be  call e4  B  A.     I:  itc  J  (cruin  qw 
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—Pertraii  ef  Wait,  .■/;.  ••achy,  **d  !t\ufs  Autograph. 
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I  te  the  above  engraving  i?  elude*  the  < 
it;  anchor*,  and  pulii  .  .      I 
•  so  many  opportunities  of  sum 
kre  en  news  railw uy  imion  .  itm  ii 

x»  of  an&inr*  mu»t  be  &•.?■ 

nor  ©fa  tocoaao  h  rdly  b«r  Ihocougbly  undvaftaod  vithoot 

.  r.x\  modck  DMk  I  lliott   Rrotbrr*,  of 

The  »  odels  have     i    liooul  making  mcjt,  and  a«<oratet)i 
pal*  «.!  '  1  -.;  ajifl  aUgend  ftdb  ■ 

Model*  at'  the  Watt  eoodtnvng  engiae  and  of  the  tecofno* 
■ 

I  4  locomotive  engine,  built  (w  the 
Compaay  by  Mr.  RazniboUom,  their 
ic-c,  being  a  good  speciaic*  of  a  6n*cUit 
f»n  enpnc     It  «r*»  wic<l  •->  uh  patent  p  cuim  duplex  wf<iy-viJict,-u»U 
poed  fee  burning  c-."*W  w*lh  croa;  economy. 

■  Apfctt,  o*  tbe  7lti  J:ir 
*%in^mc  of  1 30}  bmIc*  xtIAiw/  ittppinf,  jt  an  avvixx«  "PW- 


» 


I  I..  I  „., 


■  it.    '!  tw  tender  attached  (Jig.  tlto)  * I 

:igCt»lOU»    nppATAttli     fol 

in  has  be  i 
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tieepi,  krwthen  or  shorter,  accordant  1 
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,M    .       •  *•  iinr  it 
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W  t>e  bulbs «<  %fcith  defend  nearl}  w  ih*  :" 

thc&c  clunit*  b   carried 
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down  Frooa  the  brai  .  i  •  within  .1  short  distance  of  the  bottom,  to  admit  n\ 
passage  of  the  a:r.  which  is  drawn  through  both  chambers  b>'  an  aspincaj 
connected  to  the  base  of  the  hollow  upright  and  arme  supporting  the  cjlinikr 
1  0  u      ;}...■■■  1  iIht  it  poured  into  one  chamber  sum\ 

the  bulb  of  the  thermometer,  Lb<  thermomei 

both  cyUnden,  die  Instrument  is  now  Conner 

■  m    h    a  a  ■  ted*    down  the  Internal  lube?.  ■    -- 

>  r  in  bubbles  through  tti  I   n  the  other  cimm 

the  thennomcoET.  The  tut**-  m  this  empty  cylinder  is  of  ...  meter 

ensure  liroSlai  quantities  ca*  .<<  1  hamhcf. 

Aftora short thne the passa£   ofthi  a  'thrcanrhthi  ctbcrwai 
to  the  dew-point  temperature,  find  the  external  portion  of  the  sih^cr  d" 

containing  the  ether  wiU  become  covered  with  moisture,    'inc decree 

by  the  thermometer  in  the  ether  at  that  instant  will  be  Chi   u  mpcmturcofi 
dew  point ;  the  second  thermomeicr  showing  the  temperature  of  the  air  3: 6a 
time    i  uIj 

The  1-i  -  -  Professor  Daniel),  who  paid  much  attention  to  the  conctreetioo  4 
hygrometers*  and.  Indeed,  constructed  084  of  thd  best  and  most 

'■  The  !i!<.:  ■   iccuraui  mode  of  capresadnc  I  1    air  {nan 

obaervation  of  the1  temperature  and  dew*poln  ntc/lhcd 

0  1  of  the  rl.i-aii.iiv  of  ntpoui  .a  the  real  atmoeplici  nrttirr  by 

:.  it)  u  the  tempt rntur  1  .  ,    .  ■  Ilinjr  the  term  of  w* 

rooO)  as  the  elasticity  of  vapour  a!  id    temperature  ol  the  aU  i*»o 
elasticity     (  npoui  .if  the  temperature  nf  thr  d  10  1%  'he  tnn 

*atursiiii<n  tn  thr  observed  decree  of  moiMn,.      I'ln 
vatron  to  the  Dccean.  where,  with  .1  u  rapcratureol  90"  F-,  u 
been  seen  as  low  as  29%  making;  the  degree  of  dryness  f>i. 
Force  at  90*.      Force  at  39°. 

r*3°  OJ04  1000         !  155 

Thfiicuttht  "re*  of  moisture  on  the  hygroin- 


RADIATION. 

unt  Kt  all  nirpriMns  that  the  pi  !<>■  ,,,,i„.r.  nho  first  commenced  ... 
IhhiIiI  h*rv  rryjrded  It  as  an  tin  ponderable 
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own  panicles     Tbr  iheor>'  of  I  uUf 

I  ■  radiant  matter,  we  fin  d  -it  onr 

o.dcrstand  that  the  undulations  of  the  1  mm     ,  ihrml 
■  a.  wclj  4<  liRht;  it  is  n  .  suppose 

B  llj;ht  is  interpenetrated  by  another  I. 
may  p«  u  rhc  ctnm: nation  of  the  imtsAle  he*t  rav*  an  the 

assist  u*  Krratly  in  correct  vk-w  of  the  phenomena. 

-  7* ,lhl  ide.wearc 

lit,  thrmigh  irwee. 
At  o'Kht,  if  travelling  in  a  steamboat  ^  inaieL  arc  anpreacV1 
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;tc.itLt  tlio  obttquil 
UsinK  vj»-'  i  i  whii  b  xn 

fat,  asvl  minx  ;i  ■  Miii.     filled  with  bollii  i  the 
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gain  1 i 

rablc  bj  «•  arr-thcrmrc  i .  ~i 

ill  bit  of  m«i!  enn  be  cooked  wh  I   »tV< 

rv*.-«or,*ncl  opposite  to  another  standing  icott.  away, 
in  its  focus  a  la/jc  wire  cage  full  of  burning  charcoal. 
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'  teAcctinR  beat  rayt  >                  |  l..  the  condition  of  the   ui 
■Tiypurry  in  the  ft  i  (ghost  d-'i              ■■  I  if  the 
coTered  <*i'.!i  gold  lew                                                        ujch, 
lie  effect  of  ft;  ■  the  tm  J    b)   Ju  I 

in  of  the  hfii!   r.ijx  wry  v. 

od  lb.it  out  of  ico 

r reflects    90 

.  ..Co 

.....  ,,10 

ati*«dor.  racdeor  rayvofmcrdi 

'.tic  or  no  warmih  is  experienced:  on  the  other  hind,  a 
pine  »fli  reflect  the  heat  very  scnii 
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It  vat  fumm' 
dM  in v«rw  proportion 
ptoocsiies  eaocd] 

■  ■«  found  to  be  the  case. 

■  lit[F    m  ■  .  nl    :: 
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II.  Anntbn  (Miction  i»  rcili  ording  lo  the  ordinary  Uws 

-Section  of  lighl- 
J  [  I .  A  mM  p:«tk»n  B  scattered  n  called  diffused  HraC 

Th*  ttra  of  cold  leaf  will  protect  the  pona  of  j  shrct  of  p» 

exposed  to  mduuoc  from  *omo  mi-hot  aarfaoc,  - 
i  the  same  sheet  of  paper  will 

H 
dinecily  pnjponir>[n:t!  tn  !l  . 

.. 
-I 
.i.i.i   .   -if   h 

ibiorplion,  and  reflection,  and  the  cuj* 
En  which 

late  M  for  hi>  cxfcrisnentl  a  metallic  vcvk!  I 

water,  and  .1  di  jw:  bulb  of  which  «as  slue. 

1  blackened  one:    nnc  surface 

^ed.     \Vh;n  the  blackened  side  of  the  box  vas  pUocd  opposir* 

■   ■ 

'Oil  rc£te< 

•eat^^H 

.   hot  rerencly.  *f.  1 

bttlc  01  .'U  pcrocpCiUc. 

■ 
be  poured  mto  V*x>  tca-pc<»»  one  of  which  is  ef  Ml 

block  un.  and  the  of]  1    gwi 

A  d  the  1  : 

recardins  power  <m  the  waves  of  heed  whxhartaha 
'icy  travel 
•  current  ot  <v,  mo.  pt^H 

■ 
w*»  1  .   ,  the  air  <-■ 

■-•  pover  ol 
particulai 

■ 
Wuc,gT«ii.  |..  •         1   d,  rrllnw,  irhil 
,  has  cip! 
colour  haa  not  to  do  with  the  eifcel  produced  u  Ike  imi 

■    ii 

named  t 

... 

*x«iUJdod 
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.      OS 

U  pUtt=-*-i  wi-v.  MciloniCp.  :*>i)hl!od»coppcraini  -..  with water. 
It  At  tbo  \-  mJ  by  mean*  of  a  very  cWicatu  i 

~  ihclhmr.  ■  iiultii   -  oj  ibcftUcwin;:  rc&th«  absorptive 

I  wire,  as  Ifi  column  7.  the  hKurct  ;.rc  JirTvrrnt ;  a/id  ■ 

licot  when  they  aic  lomioou*, 
■  mm*. 

**  u  H*.  .. 

LarapaUcfc  . 
1  . 

. 
n  tak   . 
ic 
McinU. 

:  apply  to  doOiinK,  and  n  appear*  that  ifweim 
iiad,  fcke  ;hc  1'olax  bear,  wear  wtxe.  wc  shall  be  wanner  in  winter  and 

.  _Iji!it ■  :. 

«Jr*atm»a»d  crcn  in  ;!-    i.'  «vii 

iivi     Tir  !   die  bi 

itci     1 1  '■  *i  ill-*  bottom  of  the 

fctxm,  i  nrm  »'"    1" •  '  ■ 

r  aoit  i"  '   ili.iie  tV^i  wl: 

it  at  the  *i 
•»,  the  ice  form*  in  %pf  to  thr 

tarrying  atoni  .  ■ .  •*  uli  them.     l*hc  ray* 

okwc  t.  a  they  fall  upon  bodies.  :!cat 

iwh?  I  the  sur.  totter  in  dimmer  t*i 

Ihcr  ire  more 

miir  1><    ''rou.ilil   in  .i:        In: 

!    .     V        !l     1.     IC 

■      '   'h.       il  u  111-  ■  ■      Mill) 

•  ii  Ol     i.iiii.ili'in    'it.c. 
i- 
n         pours,  and.  aJthou;;lt 
ai  ■  i|i  mi  mpoaind  •.. 

nrCT   iJlin    any    simple  or 

en  ihcj   -i-  m 

L  4»  m  nzx+f&iT\c  air.     Had  lobe  b    q     nnoundod  with  ft  gu 

Maicau).tbeatHorbeacpowci  -aotimeft  v- 

.  il    AmonfR  gates,  (ho  icat  the  mosi  alio 

cered  from  the  analogy  between  I  '    ■>    -  1h* 

•  double  k 
!■  in(;  proved  by  the  UM  "i  te 

:     *lt»  uf  1   " 


. 

mem  

it  tiicrc  arc  »»dics  calkd  transparent,  di*ph 

(,  *nd  opi<  i>o»ct 

■ 
iijthcrmanotis  or  dmnrnnir  i   h ,  a     I  n^n*,* 

permitting  h- 

.  - jIi  and  cci  ry  fans. 

I!.— Athrii  i»lhc, 

ih«.  rnriauk 

Nil  .    ,  I  Ql 

hown  tint  Ij  i  radii 

-imsc  of  thcKoond  orad>aihc< 
It  doc*  not  :  substances  I 

low  tin 
»Y*  to  tniwt  ll 

freely  llnouj  -■••  ■■umber 

■;. 

placed  in  the 

more  '.'■'■ 

form  oi  p]  ii..  ,  nsea  for  th 

■     ■ 
ttic     I   wir  i  waves  from  an  Ar^and 

mh: 

•*£.  uaiuparcnt 

»,         „ 

.  .  17, 

.Sui.  r. 

ids.  when  n  ArmA  oil  lamL 

i    Ian  cell.  t>  i 

Tabli  ii  nriuhc  obtained  b\  [uids  en  den 

Tock-ialt  box,  the  source  erf  heat  being  at 

Bisulphide  of  carbon 
. 
ihui    . 
i  th 

Snl; 

ml         ... 

i.-norsugii 
. 
Water  Miurjtcd  with  salt . 

Rxk  nil  the  **mc  reJatic  w  Car  as 
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156,— AMlonCx  •*/ 

oAlmrvrttvalB^Mti  tjint-'wp  »o4  iM-imom  *ire  j  Ttw  toprci  Vox.  blitiUmJ,  t*<*«- 
«  iu-».,   iunJ.ro  pka  tfac  «b)ocu  ut*«i  kk<s  w"h  Apcrtorwcf  rai.-.*,  .,. 


>--■■■ 


lWTW,»i'l 


-  ..,  .     in  ..'. 


<  erneo.  1-*     olo  i  i  ..  glass  doc*  to  the  Ityfat-nys.     w 

lull  i»  pi.  in        in  n        i,     I  mill*   nf  j.    i  :::n;;ici.-i 

■    '     ■■  ■  ■  IK  hi-.ittil  ;  if.  bowi 

twe  of  rocJt  u  '  e  side  of  th-  ImI!   k 

i  of  j  MMiiiii.tii ' .  mora 

he  glass. 
it  us  for  these  investigations  may  bi: regarded  AalhemoilH of 

It  nidi:-;ti  i  •/->,  ■    *uch  m  n  nnttr-.-l  Ban 

num  win,  .1  blackened  copper  vessel  containing  >\atcr  at  1 
a  copper  plate  healed  10400  nly  shown 

:.  if6. 

dclkacy  .  mio- multiplier  as   an  indicator  or  measurer  of 

ts  »***  Tciii-aU  in  another  o  1 

Tfa«   millllli-    rlr     rn\.|     :-|ir;\;: ■  •>    yfl    Up    in    t  >t    JttC 

_jd  I  die. 

■  uS)  been  shown  Mi. a  in  bodies  which  wtiilly  <■>  win  IK 

:i    r.iii.i.   af  thr  lw.it.  or  mlhcr  the  pAttKuhf  iouti 
•    nilucncc  upon  the  kvjIL     Tl 
-t  cent,  of  the  I  >l  from  boiling  water  to  pass 

iMwrt**~  m  to  7' per  cent  when  the  source 

is  a  I  nip.     Hex  waves  which  havB  passed  through  one  plate 

i!»  pxrc-  a  small  amount  uf  ion ;  tlie  same  waves 

1 


TyrKi.Il' tlutl  the  i  water  absorbs  thirteen  time- 

i]  •  ii  in  .hi  .  >1  xhovn  *hy  the  air 

tuning  vapcau  Dearer  the  earth  is  warmer  th,i-i  thai  which  n  ox 
on  the  summit  oJ  lofty  mounum  .     CTi    di       r  allocs  iSe  obscure  I 
t  through,  sod  U  i  *  dSartiermanoua,  wMbi  oj 

ierahto  athermaaefty  fer  obvevre  ray*,  which  are  product 

when  of  the  sun  have  passed  through  our  itmo*pbere  wmJ  6 

earth.    What)  the  rayi  of  iH  .- earth  :o  wan 

i!  .in<l  then  difruaed  :   ■    '>-", 
they  become  ohw  irei  m  of  hen.    It  is  these  obscure  ra^n  which  melt  *i 
..■Ml  :kii  urn  athei  lift  tn!  off 

:      <•>  r.n. mi  R,»\-  i ■  1 1 1  H t \r  Ravs,  axd  vica  vn 
BY  Cmaxgk  or  Rj 

At  the  meeting  of  the  I  ■  ■ 

Akin  proposed  three  experiments  lor  ih ivi     t -nof  raysot  Ii. 

iaya;  of  thoaeoncSadttcrvtog  -.,  the  proposal  to  collect  the 

:.<m  in  .i  concert  mirror,  and  then  s>   col  off  d  "Prir1 

absorbents."  and  to  bring  platinum  foil  into  the  focus  ••/. 

Although  Dr.  AJdfl  was  1 
jriofliiy  .  .V  tli  •  iiin;i--,.l  niys  of  the  bdct     mi   In  ciwuns  ihtm  lo  r   ;-■- 
i. .it  i"  incandescence;  yet  the  chlcx  mcrk,  i 

hi .  i,  i>  ilur  im  ii;    i\nL-.ill.  because  in  the  spirit  ol  Lord   I  •  on   he  ws 
content  with  a  theory  whkn  merely  wn  ■  i  revolt  ta: 

lousU  worked  om  trie  crude  idea,  and 
ii  .  l>y  di  . :  urnbi  i  -•!  i !  ret    md    «. 

which  had  never  born  shown  befoir. 
in  the  atticle«n  Light  (p. 92),  the  change  of  relrnngibdity  o!  certain 
lot    1  lof thc&pcctrum   inu  ili.  I,. -.-mi  imcnuw: 

or  Stoker,  have  already  been  ipadalh  -ri-nsidcred. 
obtained  a  large  proportion  of  these  r  <  ,md  bcroad 

Suning   prwni\  o(  quarts,  10  Ml!'  m  1  f  nxrk-ud;. 

led  to  prove  that  the  ultra-red  ray*  discovered  t>»  Su  W  Hiiscfcel 
an  mo  1  as  long  as  the  vUtble  one.     Other  ciiKrieaea 

1   an    mod   I  m    ii  on,  eapeciaHy   Profinaot    MuUor,  of   rrmfcc 

■«i  it  1. 1  •- 1  in  :  .1     ....    rknmting  tht*  h 

it  was  left  i"t   1  j  nd    1       1  iniplcte  tin  num.  .t  nl  Uari 

invisible  or  otiacurc  rays  of  hc.n;  nr.ii       -.w>l..  .-fraagftenl 

of  the  invisible  ullrn-vtolct  rays,  rendered  them 

.  of  the  ultra  red  rays,  rendered  them  also  visible. 
ments  he  used,  to  quote  hi  men  worxis.,* '•  conaiatod  «»f  ':;  »»■» 

Dnboaeq  ne.ir  thermo-electric  pile  of  Mellon  1. 

1  n  spectrum  was  formed  bv  means  of  lenses  and  prisma  of  it* 
wa*  equal  u    width  to  tlw  length  of  the  row  of  eta 
the  l.v.i  heina  rwwl  to  paw  throng  1 

also  to  ieoi  ..ii  <:;.  ipace  right  and  left  of  the  visible  six  iiftB 

ition  of  its  manJi  WA^drtrrminnt  1-v  d  ..oofl 

cattroiielv  .i-MMtive  col  variometer. 


^SS^^n^^i^mmMm '"  *■'  »•  ■        •  p-t<* 


-ry.i*-'" 


A*  ia  the  Mw-  n(  i  In-  ftol.ii  spectrum   the  hi  ■»'  Ml  found  to  UUDXOl  fmm 

the  red.  while  in  the  dart  space  bej 
tl    The  position  ol  the  maxim  im  m  from  tho  «xti   an 

ta  the  one  direction  as  lb  pf  im  in  the  oppositr 

augmentation  M  temperature  beyond  the  red  in  the  spectrum  i 

Irfht  Is  sudden  and  owjineu*.    A 

nt'  proportional  lengths,  and  erecting  these  lines  as  pcip 

.-■ices  co  which  thq  »nd,whenwtw  ttd  these 

ypis>LfTcubr»  sud  -id  j^catly  inrnusc  in  MngfJ 

Idten  fall  somcwh.it  more  suddenly  on  the  opposite  side  of  the  maximum, 
id*  erf  cbc  pcrpcudicuuu 

tbteuro  radiation,  rii      in  a  «tecpand  ma*#.ii»  j*  ,i'» .  whii  h 
dwarfs  by  its  magnitude  ih    ,  i  of  the  lumii  01      pon 


iMai  n  1I1      i>   1I1  of  * i'    1]    may 

input  cwl  away.    Water,  m  certAin  thicknesses,  does  this  vesy  en 

lac  tajpeior  of  water  would  rinth  -.  -n.  ---ml  tfaj   1.    1    nil!  funl 

fte  dirterence  between  the  distritutn  □  •<(  heat  in  the  solar  and  in  the 

aic  spectrum.    The  comnar.  ■.-ipn.-o  at  flu 

tin  the  case  of  the  electric  lijrht  arc  much  crater  than  bi  i»<     ftM  Of  tin 

1  as  shown  by  the  diagram  of  Profcs  01   MtU  er,     No  doubt  the  1 

1. nee  corresponding  ti  ifi<-  [><>  in  m  m  heat  m  the  solar 

Ttrtni  h.u  been  cat  down   by  the  aqueous  vapour  of  our  atu 

1  solar  spectrum  be  produced  beyond  the  limits  of  the  atmosphere,  it 

of  invisible  rays  a*  th.ii  eahibltcd 
f«W«-l  which    1  practically  unmiuuwvd  by  sitnuitphcrk*  absuep* 

'Hatnagthu  ktratrd  lh.it  :i  powerful  fhu  oi  h    ■  impanirs 

ti.  tin  question  arises.  'Cm  we  not  civ 
'••former,  a^d  eapenaaei  1  alone?' 

"In  the  author 
*k«  blaok  glass  was  the  substance  made  use  of.     I  he  specimens,  hoi 


i!.l«-  to  obtain  A  jJera 

porti"i»     I        ■     invi\il.li'  t  .id i  .it  inn.  •      Btit  the  discover;. 

tli  in- lus  Attention  to  'cv     lice 

utphur  rliarolvod  in  buiulphide  Cd  Oari*  ■'.  it  Almost  y 

pan  ittotbi  invhibl  r  He  nlso  examine  the  dement  broi 

d  that,  notwithstanding  its  dark  colour,  it  was  eminently  transported 
[hi    ultra-red  ray*.     I     .  ■  t       F thi      ubstan  pie,  which  CM! i 

off  all  the  tight  of  ;i  brilliant  ea*-fl  i-ibk  rudiini  hi 

ireedom.  lie  tned  a  solution  of  iodine  in  bisulphide  of  carte 

■  d  «  ili  i  u  |  .  'i  ob*uh<  ■ 

sufficiently  opaque  to  cut  on"  the  light  of  lb*  Eud^day  mhi  w 
limits  o(  experiment,  aW'1  ul   I)       in   r  teat. 

then,  iv  ili<-  kolntaucc  h\  niiii  ii  i  heeled) 

Bgbi  in .14  .„  almoBi  |»  rf 

mall  glass  iiinix      Hi  red  ■■  ted  by  the  caitooa  poi 

of  i lit   electric  lamp,  we  ol>t.i:n  .1  tmni  nl  light, 

p  it!    •  ■  d  baaina<- 

iIil-  I: ;: Jil  of  the  cone  is  utterly  destroyed,  while  its  invisible  rays  arc  sore* 
if  at.  all,  meddled  with  I  iii -if  converge  toafocu'.  at  wl.ich.  though  QoA 
con  bo  sun  even  in  the  darkest  room,  the  I      ■  fries  *>f  <. 

cc4 : 
'  M  hen      pi  t     df  1  b.-l:  paper,  i«  placed  in  the  focea,  it  tx  pierced  by  I 
iWc  rays,  as  u  a  white  hot  spear  lad  been  suddenly  driven  ihrnujli 
1 .1  ■:!>  blue*,  M  itoci  wiili  anything  hot. 

*A  piece  of  brown  paper  pi  hi  focus  woo  *h«m- 

..tending.'  ble  space  of  the  paper,  which  fin 

into  r* 

"The  wood  •  n  similarly  placed  n  nptdh  burnt  throoc^ 

oi  »uod  and  shading*,  cm  which  the  tocu*  lulls,  is  <|u:<  nitceT,  and  tiu 

tire  m  nimiru;  by  the  m\i-il>i<-  ny*. 

"  i  1.  h ■"•-..  pipe  is  immcdiat<:>-  lighted  when  placed  at  the  focus  of  ie 
stblc  rays. 

-  Disc*  of  charred  paper  placed  U  the  focoa  ate  raiKd  to  brillian!  inc 
deaevnee;  charcoal  is  alto  ignited  there. 

"A  piece  of  charcoal,  suspended  ina  gbss  receiver  full  of  careen,  told 

Arc  at  the  focus,  burning  with  ihvaplcndour  exhibited  by  that  sufctanc*  in 

I'll    '  "i  "  dole  rays,  though  they  have  passed  theat 

net  torn  idci    :  iusiI  redl 

"Ai  IxtuJeo  ogen  h  eiplodrd  in  the  dark  focus,  thr* 

the  tadtion  of  iu  envelope 

M  A  Krip  of  Wickcncl  j  laced  at  the  focus  1*  pirrcrd  and  itrtet 

by  the  invisible  rays.     By  gradual!)  drawing  the  strip  throvzh  the  food 

may  be  kept  bUunng  with  its  charaetemtic  puxjec  tight  for  a  consaserahk • 

i  eapenanent  it  particularly  beautiful. 

M  M  urruum  wine,  presented   witabtr  to  the  focus,  burn*  with  alnso*  a* 

IcraUr  brill  iancy. 

'The  effects  tWas  far  described  are,  in  fnrt  due  to  chemical  action.   1 

aafcetsaccs  placed  at  the  dark  focus  are  ovilwablc  ones,  wtiich,  when  hes 

•do::  tacked  ay  the  atmospticnc  caygen,  ordbiary  cccoIbdI 

**i*cmtiaht«:  iWtte*tM»j  kOckau«i»M»t 


flo5 


tiCT*4-.K  crln>enu  »uy  be  fceed  i 

■ 

■ 

-itnneru  >ndprop:i  ci   i 

pUunuin  i:  rendered  hot  i;  and 

■    ■ 
i -iat  spectrum.    In  all  these  eases  we  have,  m  the  first 


■•I"*-*  o*«»  *»x  **  *«t.  ,    it-  uch.  UrlBt«i 

■mv  i  c.  «•  Oman  tt  »»ict  :na  pij*  pawn*  to)«ctrt.  *,  «**  rttrnina  mrj  to  i>:  i . 


nts  famed  by  the  m 

tr»:i  L-nlaty  of  li);ht  and   h 

u  "I    "h.iKoal  i) 

■ 
lhe  pJalc.    On  dxnirieg  tbc  coal  points  atwrt.  or  on  v. 

.  o 
i  Ulc  ©I*  carbon  alone  the  boundary  of  aph,  %c 

.reed  pair  c<  c  me  itiiro  as  the  or 

d  thus  by  tbc  i 


ELECTRIC  lTY?;^pr 


electricity; 

FR1CTIOKAL     OR     STATICAL 

i  'irjmdi  i>f  atinr  to  the  youthful  nin 

<unou%  form  or  mode  of  motion, 
'notion  i;  is  evoked.      Tbi  ■  to  do  than  to  nib  :.<mh<- 

r,  iach  as  *Uifi  *r  +Mlmc ■*»*»  with     Jk  or  rUnnrl,  or  to  I*)  I 

I  with  india  robber)  aodtiifl 
ajtpucntl  cither  by  creating  morion  again, 
*iKh  as  ^.  down  of  fed  the:..  !•*  i.-u« 

i  in  a  darkened 
■•Mne  sheet  of  brovn  piper  is  foum!  to  gfre  U]  rid  Ei 

ny  to  dry  the 
hcHinj;  it  una  the  laani  attractive  pew  r.  Hi. 

Ppareni.  ■!  panes  Itself,  niter  bemr;  well  n 

toward*  thi  up  by  one  corner,  and 

i-*Ctcd  berwv  rctrm-d. 

the  "seven  wise  men  o;  named  Thalc  from  wbOM 

.  ■ 
IB*    fir%I   w] 

f :  the  Chmti:iti  VTX 
hik*co'  ■  !  .11.  .'v  . 

n  i ar  sn  -    H    i  i  richer  beginning  nor  i 

>*t  tiLtiWagsarc  fe'.i  •  l  ■  »»t  .   *nd  that  the  world  Is  the  bcautifr 

A  principle  of  motion,  wberercr  it  exists,  is,  according  to  Thalc*,  twtuC 


MS 



Hence  hotaucht  that  the  magnet  andaznb 
%ou\  which  n  r 

■ :  i :  : . 

i  tlly  : 
;on»*.ituont  of  good  scolirg-uit.  |lui    and  the  greater 
cryaialk  Ac.    On  the  other  b'  many  bodies,  m 

.  ..... 

The  earlier  cspcrimentutsts  divided  all  ries  and 

■ 

ill    ili,_-    v..        It,  -1      i., 
:;y   when     I 

■ 

they  discovered.  I>       r      ^  off  the  i 

■ 
uf«5  and  then  nibbinp;  il 

down,  pi  -ud  to  be" 

An  insumticfjt  had  no*  i  llcate  the  dUtwrtuAcc 

liliriwi;  :   llii-.    i; 

for  thawing  electrical  excitation.     Commencing  « 

0] 


L  Te*  nv>«ih  <ir  4  clc  in,  dry,  empt)   wjne-boule  U  clowd 

^h  which  j  siu.fl  nmJ  the  point 


ELECTRICITY. 


Mil      ff.-.. 

ibcr  ha 
nowfeutKlvn 


ttca  touched  sever;, 

it  ik-: 

M    i     ni 

■ 
i 

«juarv  pK'.'c  of  wood.    A  p 
♦mix:  mcnt  bccomo  .i  k  rultivi 


;■  ^ 


If  two  luiT.  uic  >utp«ndvd  w  '■ .  tad  iht 

£hn  l^ixj^ht  icrwinS  ihcm.  they  are  iVmnd.  after  U:ing  .UlrjctoJ 

■   in  tin  nnn 
:h«r  K.xt.i  cd  by  m 

!»f  »VppMU,  Mil  :9Q,  Mill  : 

each.     If  lor  t«o  lull*  [>.ii--(l  cloac  it 

cftcbochcti  tat  Jibe  two  stands are movcdaluix  »a>  iiocn each  othc 

M 


'TV 


-  annul  writ  ihc  rulJ>\l  ;■ 


i9i,—TAe  twQ  Stands  a*4  * 

ol»c«ctiUAl*uiithcruttc4*uti  •*.  «Mk  iUn*U- 

S  B 

ii  .... 

*  ufa 
.n    mnn  i 

In  '  meat  it  wouli 

i  I 

,. 
called  tout 

III    A  very  delii  h  the  nutcri.il  to  be 

■ 

... 

i 

•.  ,, . 

[•.'.•  j      .  '.-  .   t ;,  ■  n['|-  -.  \U    -.ii!f.    <•     l  ill  l      (tilr    of   n:  iNV,   ct 

■ 

U:h:d  lo 

:.  : 

hole.  abo%*.  one  Ineo  s*ch  the  krov 

if  lii:)r  \> 

■ 

gilt  card     ...  ioM 


c  cjp  on  •  brass 

■  iih  u 
.  u\xf&  i  in:  in  dimeter,  to  allow  the  brass  rod  to  p**f 

Ik   done  <1  the  outer 

'li 

<f  th.; 

stajbd  .  •  *.    *    1 1    ■  i ! ' .   I  i 1 1  ;!.   ■ 

I 
•  -ni  by  the  t*"gniic&.   It  Is  sometime 
coifed  I!c-.&Mr«,  topi  the  standi  M  that.  I  th 

COM  Irar.  lurccd,  they  may  not  be  torn  oft.  but,  b> 

touching  the  brass  rods,  the  etccs*  of  electro 


■' 


itnimcaL  ti  eiincd  offto  the  can;.  I 
«bcctcd  the  poirer  of  the  d 

liv*e-  ■  be. 

tfas*  rod.  brocRht  towards  th 
■ 

.khrW*  :aeh 

yksetiktwl  pr< ■  ibli   I*  land- 

ing a--»  f.iif.  ■  en  i  r  rltrai  nUin  I  l  perhaps  be  1  belter  tcr 

■I'  the  tU>k,  unlfw  nieely  rounded,  ar.  0ft  I 

!  nccramry  to  touch  Oe  <.ij»  oi  the  rlcctrose&p;  wiih  tic 
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ticctrtod  bodies,  b  order  to  peas  Lnto  or  en  the  rod 
p-«tuii-i!hrri(  •  :acsc.     I 

**  induction,'  so  be  more  Mrrofc 
So  j- 

.  ■ 
*■  I  -».        i  :    .Tr^aad  j-tothsof  aai»: 

hod,  tti  tbc  crntn 
sroprd  tws  ve»*l  frow  a  bmt  wirr  Mmoanuii 

U  rod  of  brass,  carrri*S*:  each  end  a  email  Chi 
wood,  ftbotn  hair  a*  inch  ia  d  ureter,  pisses  tBraaaj 

I  date  *>ol]  bo  Knm< 
end  ul*  ibe  xuspmdcd  leaf.   This  u , 

.c  internal  disc  may  be  ad«s*cd  a:  x 
Ian  1. 

!■ 

•   thi  ;        H 

into  contact  with  ihc  c.i| . 

-Slavery 

When  r.  lsreqoircd  to  determine  ihc, 

Lrgod, 

VrAtfp 

C«J  Mr./.  '  !'..■"       1 1 

■ 

circuit  dy  lo  t»- 

into  ccmiacE  with  Ihc  cap  «  « 

■ 
the  kal  i5  charged,  the  loiter  will  dire 

*#  **  pUcinc;  a  (fit  disc  oq  each  side 

leaf,  Mr.  Ga*£»x  obtained  sfcns 

■ 

:i  the  preceding  experiment •.  r In  foil  luiionn. 

r.  Thai  ai  ■  «1)  has  i 

elec- 

>rr. 
.  ,•  .   . 

from  i  i«1  that,  being  ci  n tract  aacav 

tin   nj  iti  [fa 

"•us,  because  csuai.  cd  from  se*lln;- 

summcil  mo  wmp! 

tack  other;  dinjavav  dectrtcitirs  attract  each  other. 

V-lii  rmbsxana  ><*  a_^^| 

rubber  used,  and  oth 


mhta  rubbed  with  a  cm'«  »V  reslnoui  electricity. 

!  •  jbbctl  will 

■atacd,  th*>  li  ivc  ,i>;ici"'  girebyfrio 

(  IhxIk-*,  '. I 
■ 
'  roaf^cord  or  rrttiad  ,;i  «  tmoc4h  aad 

..    |.    ■      of  ^ '-***•  '"lib 

Magi.  n  of  the 

I     f  ......  ■•        .      !   ■      .  |.  .  Hi        .',;■         i  i<l     I:.-   „.   .   I...-H-.    r,  ..!.   ■  . 

;i'j«hc«Ute  tumlkiTthii.-f  Utn*  rcsinou: 

it  w«R(a  r.vuUat  in  nil  Mbiftaacc*,  h    *  taXd  to  bo 

w|t  It  ix thi.-ti 

■  u;![>u4cJ  to  be  the  normal 
of  all  In •  '■■  iMlic  rlcCUicaL 

i  i  i       iiiv 

move  insensibly  AJonj.*  a  wire  or  oilier  condw  "i , 
. 

the  moti'  -..I  machine,  o 

;inc  and  copper  placed  in  ccicli:fi<l  w.itcr.  'I-1.,  dynamli 
*  spokca  of  a*  electric  i  >(oa* 


7UEOK11  Si  tTY. 

rtb»  theory  ,  it  ><  nippoxd  thai  two 

sty  aubatancc. 

; 

i -I  the  two  riui''  very  subtile  and  rare,  quite  impon- 

.  OMbllcgol  pirticlei  that  repel  each  uthcr. 

.1  fl.iHWarc  >i;ur.i:  nod  t  and  when 

.  electrical  p""*..T  ocom 
■ad,  or  natural  cJectric  ...     As  before  stated,  one  electricity  is  called 

i<o*ed  lo  cause 

I   iill'llll   hi 

chjdwd  i  or  badl] 

■    ■ 
■d  r.-«ir.nru«  .1.  d  To  ntain   I  hi  nd  to  int. 

I  simple  one  foi  I 
id  Will  IkIp  hi  iyu» 

*"  r  1  ^H 

Tw  1  n  KranhHn.  ntppo  •< 

Tbri'" 
■  maoo**  kbined  wit 

,  .1  -1 .    ©e  ;•*.    \Vka  a  t 


?U 


ELECTRICITY. 


the  matter  is  exactly  saturated  with  electricity,  and  * 

in  a  talttl  il  •  "vA\\vm. 

lYtb*  ccisni  bed,  electrical  fluid, 

■xquisition  (i    acre' elect  Ichy  Is  said  to  confer  ■  |  -stated* 

(ii>  it)  ■    I  ic  to  .   of  trfcitj    [  .1  .  .^     ■   ■  i  tbsi  ■  u  .■    .,  i   ,,,  writ) 

;  it  is  nun-  said  .  d  ted  irith     lin  ~  <■    nefpl 

it . . 
\\  :.... ■  -i.ni Bid  II  it;  I  >.!in  calls  i-  dri< 

what  Symnu  •  rtyK  .  leclncity  i»  called  by  Franklin  negative 

It  isnf  li  i  .. :  i  ce  which  theory  wc  adopt,  for  one  or  the  ether 

i:.  ly.  both  m    u  i   i'-     We  have  keen  thai  i  certain  vii 
'  panicles  will  produce  Invisible  hem  my*,  and.  when  they  arc  qi 
In  iheii  pulsation,  light  t  i  TyndaU' 

invisible  nv-. -if  h,    i  Edlm  \  on     pioc    of  platsnum-fiuL  sri  ^inverted 

ileorllgbtnyi.  Tlic  same  wave  theory  will  do  ;' mutely  aji 

to  electricity,  which  may  onl)  be  tome  remarkable  wbi  '!"• »  vtAic  uf  tbc 

fcrv.nlin,:  .ill  matter  ant]  space     And  thii  op  nioti  ma  bcM*fott)  rem 
■a     ii.    by  Sultzcr.  who  first  experimented  with  piccc-sot  silver  and  lead. 
ill     il    .    them  on  n|.))o,il,      nl>      ..I    rhrUm,:m.    uul   then   MflffiQf 

t,  he  noticed  i  peculiar  mctalfr  iki  vitriol 

litre  a^ain  a  will  be  understood  why  so  much  space  was  do. 

*'ui:;'(\if..ii  ether,*  At  the  commencement  ce*  the 
on  light. 


BXn  MMENTB   WITH   THE  ELECTROSCOI'L. 

An  cJtttrWOOpe  is  easily  made  With  .1  wide,  dean  lamp-etui*.     A  coii  tt 
fitted  id  through  the  cork  is  passed  a  wire,  one  cnu  of  which  i a  Ik. 

out.  so  as  to  give  i  sufficient!)    larpc    >nd  tlat  surface:  a  pair  of  mi 

ivca  are  attached  to  this  end  of  the  wire,  and  to  the  other  i. 

tfdboard.  covered  wftli  tinfbU  ot  gold  paper.    When  the 

:d  through  the  cork,  the  aold  leaves  may  be  attached  by  raoi 
.1  end  of  tlin  wire  with  :i  little  yum,  and 
upon  lli"  uit  gold  leaves  in  the  boot    The  sec 

cull  I"  gi  '  i«       Wlu-M  l»-.fh  !■  .     <■■■    in-  mi  il.  -Hi 

..I.  y  li,'  j.:.i- .-.!  in  i!n   lamp-glass,   ind  th<       rdboard  table  ti  ■■  c  winr- 

I.  A  little  coffee,  quickly  ground  in  a  mill,  received  in  a  warm 

il  then  iprinklcd  upon  the  table  or  plate  nf  the  efectraaccfid 

II.  Some  wining  Hi  chalk,  dried  and  nut  into  the  valve  of  a  ra«irof' 

and  then  breed  out  upon  ihc  eiei.-tr.ist ,.[..  *ith  the  wind 

cause*  the  leaves  to  be  deflected. 

III.  A  large  Lump  Of  lugOl  held  over  tlieclcctrnsenpe.  and  ^i»ed  iii  variaas 

placet  wHn  ;i  raw,  arTcrts  the  instrument  isthe5ujjar-du«iV 

IV.  After  playing  a  tune  on  a  violin  with  -i  dry  and  well  rftai 

tin  tattet  w  pasted  Lightly  over  [he  electroacopa,  electrical 
is  appara 

V.  A   i"ll  ul    -It'    warm  flannel    rubbed  against  a  stick  of  i. 
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•f£.VTS    WITH  THE  ELECTRk 

o»  i  

other ;  but  l!n-; 

. 

(be  rubber  a**l 
."ibni'-i"  rubbed 

-*$,  an  ox 
ibe  towards  ihc  rJcctroscop  .  c;  the  leaves 

Call  wncOi 

a»tr,who  Lonodmoon 

Ity,  tried  some  very  amuiinu  ex- 
WiL. 

v'oi 
. 
tka,the  »'  •  !  In  Ik-  in 

....  .  . 

bad  bo 

i 

then 
nracduLid>  on  a  very  dclicaU 
woteit  pe,  ■ 

■ 
;bc  same  inucrtat,  will  show  .1  <crti  in  n 

ii-.    ml  ill  'iirtOUf, 

M*aC«M.«  •  i  p  iii.«I  to  the 

nil  rrf  a  • .  « 1 1  ■     -  uli 

the  melted  state,  ..:id  as  hot  as  possible;  alkiiv  I 

I     ■ 
•o  as  to  t<ar  away  a   SItr    i;  i    fracture  ».  ■  :HcaJ 

Cfiftcsccnceof  the  mica,  and  it  affects  the  Leaves  of  th  :opc. 

i-cn  acroti,  and  the  bin  powdered  up  In  a  me 
produce  a  very  lively  e*v*  :  npnn   >• 
contact  with  the  eap  or  table  of  the  d  ctrovcopa 

iKna  :iti  be 

i!  and    Si 
late  fresh  from  the  mill,  as  It  cuil  ■     -  lis 

-.1     \\  iiri)  lurnctSou!  ol 
but  loon  I'M.  -  it  b) 
Me::  pouring  n  into  (is  as 

power;  but  when  the  moa* 
beco  [owdcrrnih     '  iarevived 

aoeaeeeby.  ii  then  a  little  olivi    -  nldcd, 

and  mi  veil  *■  iq  cnoc^late  in  the  laClc,  on  pouring  il 

.in  paflS,  Bt  -it  lint,  it  will  Ik  f 
its  electric  power. 
M.  Bcc«| 

l    i  :  p.  Ol 

pap.  on  to  an  ii 

rad  i  ■ 

or  down.  Thccrysi.  i 


■ 

tin  oil  ghus,  open  top  ami  bo< 

k!  of  the  cryvali  or«  t< 

farr 


fieri/*r*f  enftl  tff  Arafo/  7Vvn>.. 


■ 

irntcu  and  allcwj 

BHaJD  aiJ  potc 

lew  ■  it  ti-m  +  *hil«  Iwnj  MMCd  tore 


■  ,'■  i 


:*2ttS£* 


1 


.     mnlnr 


VVl 


.ic  -.low  oxidation  of  hnt  -  has  been  nscd  by  Oc  : 

<unimc:W'"'  -''t  piit.    Th.  ever,  utcles* 

really  to  bev  wfr*n  xhe  tm>a 

aacunDr  preteni  in  HI  paper  b  thoroughly  removal,  th. 
tac 
by  tl 
lurtu       i ■   .  i    i,.     .  . 


paper  oi 


md-s  wi*.l 

■ 
■ 

;  arc  thi. 

idgc  paper  atJ 
lent 
••  The  stfvcr  lca/t«  t       I         n  paper. so  as  to  form  «i 
10  >4u*fl  fount!  plMc*  by  o»n 

■■■.■»  arc  cot  frurt 
mtl  ftorn  i    mi  twin  h 
"  These  platci  arc  then  arras; ■- 

pifri 

.in:!  :v     ,iI,,t.    i    ;i.i|»-r  with  thi       lU.TCil      j<li     Up*  .u.l  ■..    \r,r.  -e>  01 

the  iflrcr  b-rnv  in  contact  vuh  nnc  tkrouRhout.  and  cacti  pair  afani 

ca  separated  from  the  nc;  :*ro  disc*  uf  papa 

CSROAaiVO  :uranj»c*nent  of  thi*  kind  m.i.  Inr  placed  bciw* 

three  thin  glass  Tod%  ccTcred  with  sealing  nw,  an 
.mule  by  being  cemented  at  ca 

<  m  it  bo  introduced  iotn  a  daw 

--  *fe  MaVfl 

... 

cm  l>cf.  ii.  the  pint 

wards.    E.i<  v  pass  through  ha  ouftta-,«an 

tea  in  a  I  -     .  i  aerventi 

-ii-rt   metallic  contact  wwi  it> 

cxtrcmit]  i.  column." 


FlC  ltfr-Dt  Uu'fDty  S'il.-, 


If  ■  tube  containing  one  thousand  ahem 

wees,  a  id  is  found  to  he  | 

s  utf  fiom  twdve  to  sutcer.  hundred  croanav 


'TH  THE  ELECTROSCOPE. 
il..  which  at  aeoi 

'Ctf.  4fti!  the  tTR*l     ■' 

noevtod     I  idetcd   OS   «*• 

i   '1  lull  ji  Mhiitrd  hrtwo 
of  *J  I  ■  upended 

y  between  thii  balls, 
■ 
tlua  purposcthc  bills  arc  connect.  4  duringthi 

ifcre 
ulum 
| CBuaco.  The  whole  i pp  »■ 

ii  a  ^-^ 

■  i  i  the   wit-  ' 

tllC  pC'ntt   0 

s^^"cr  br  connected  by  >til>- 

-e  fcc  a*u  Irs   ^ 

fort  .  when  la!  U  it  should 

tick,  of 
in  >i    l»i  !■.'.., 
frpra  tbc  lab  It. 
If  J .  [ipcanlol- 

few  riayv, 
i 

b  u  inui  h 

be  mode  .is  hot  A3  pcostblc  before  the/  ore 
!i-r  :  or  lo  U  OOn- 

■ 
sl  in  the  class  tub.. 
ted  also,  thi  i-'icd 

vithout    Ihc  prevmv  'il"  :>  UITC. 

The  nic  off  the  plates  may  be  {lbs  of  ji 

■    ■ 



ifi^  thti  tWO  r.tiv:   ill  - 
V,  In  r  ta 

[)c  Uic'i  c -  I--    th<    call  ■ 

.      i  instrument  i    n  id  o  much  u> 

:: 

■.bicfe  he  states  tn  be  such  thai,  the  cap  being  of  nnc,  and  ol 

U  lean  towards  the 
of. i 
*vpeticr,  >ip:<i   h,  and  when  tl 

by  ili-»  drli- 
«a»e  e*  >>  the  credit  of  mai  I 


I  i      196. 

Ud  with  l>4 

f'nmMS. 


ISO 


CTKiCITV 


a.  Urn  etiULicif  tufcoied  between  tfac  two  pota.  •  r.  vi  ifac  dr>  pit 


.....  . 

.1    t  :.     -I  i>(    i  !■  .1     n      i*tai  .';.   mnv^  lui 

mi!,  i.r  *lm  the  very  «m  . 

rncityis  cvohed  on  the  cap  ol 

From  these  varieus  experi- 
scopes  it  nuy  be  learned  inat  fhctae*  vxai 

i  wbess  dua^vuuL  on 
rapid  cvaporntion  of  ir««  from  a  b 
-ponant  source  of  eeectrn 
That  there  arc  two  kinds  or  coxxl^^H 
rodlv  aeulraliac  can 
they  "are  llway*  enJi 

Th*i  pressure,  or  a*r/  nuxtuacafaofi  of 
nic.il    m  tx  a\u\z, 

ing.  all  cause   electrical   qui 
. 
I  Int  !:..it,  fc)  applied  10  wtnrnit  ervst&W 
d  and  causes  taw 

t>     ■ 

Thatch*  a  toawot  of  ckcthca* 

of  .i  tension  similar,  though  not  cuiial  iotb« 
ordinary  friction,  ■   a  la  Dc  Lsics  coats* 


EtSCTRlCrU  MACHINES. 

In  the  year  1 777,  Tiberius  Cavullo,  a tborou   ■  lc*l  and  learned  < 

tncian,  describes,  in  his  "  Complete  Treatise  on  Electricity  ,"•  the 
»f  the  cylinder  electrical  machine  cd  nil  day.    It  trill  nut  b 
niiiu r;.illy  (ram  th.ii  mad*  in  I06H.     He  rvmartos — 

1  hi   principal  partsof  the  elect]  :*  oc  *»e  the  electric,  the 

1    ;     id  1    ind  the pitinc < luctor,  (.r..  .id  tnsuliii*  : 

Irctricitj  from  the  rxeiti 

The  etcCtlifl  formerly  used  was  made  of  different  substances,  as  gliss.  re* 

Mt,  ..c.ili::;:-»v.r  rem  farms,  aa  cylinders,  tTobc^satc 

-     (Fje-  19C 

The  three  Kim  globes  ore  nude  to  route  and  rob  against  three 

'  piece  of  metallic  pip.-  ami,  was  suspended' 

ilkcn  cords*  and  connected  with  the  globes  by  unrasv 
!  angina  down,  the  latter  being  utcd  for  the  same  purpose  a*  wept**" 
now  ucfors  of  electrical  machines, 

tois  continues  Cavallo,  speaking;  of  the  virion »  ihapcf  ** 

iwti  cm  two  account*:  first,  bee*** 
PMsV0ta*c<  i.muil  whi*  h  Mil.vi   in  ,  .if  ('.inn  would  mwwci  best ;  uuLl 
on  account  of  producing  a  ncgativ-  ..■  positive  .  In  ttieiti  ;■ .  liar 
the  operator;  tor. beaore trie etocindty of  thi   i  runner  was 

b  ir,  rough  ^laaa,  or  scalin^-wax  was  generally  use1 


■ 


;•.«-■-' 


I  pCTCCil  d  '.■'  I  tin    I 

present  wnoc<h  <d:  for,  when  the  much  nc  has  a 

r.  the  operator  may  produ  lectridry  at  hi* 

|Wii 

he  form  of  the  £la»,  ihosc  commonly  used  at  present  are 

■lets. 
ryltwcWr*  jar  tnicic  «if  create* 

:  anil 
ICKnaaii  »i«  t%  i-  tu  13  in.  *li  trot  li 

:  *rfajp*  as  Kirge  a*  the  i.  ->n  conveniently  soakr 

(Us*  pocrtDy  n*d  ii  ihc  he^t  flint,  f I  vet  absolutely 

led  which  kino  of  met*]  is  the  best  for  electrical  clnl 
Ihkkaxas  of  the  faasa  stems  immaterial,  but  perhaps  the  ikmn 

i  often  happened  that  class  globe*  and  cylinders  in  the  act  **"  wfeii: 

iamcrablt  piece*  with  great  violence,  and  with  somt  dinger 
•  :oAcnt%  art  tvfieosed  to  happen  wb«  the  globes 

.  '*be  necessary  tot 
:»  yu%»  vrvaullf  from  the  brut  of  thr  |law  ho—  '•(*  iht 

-rature. 

<-**  a  suagle  liiaSV.  iTifctrad  <:(  the  rae'dipiyin?  fear.  %liirh 
get  om  of  o  *d  to  stretch  or  br. 


EU 


■rimed.     'I .  ■- 

■ 

cispxd  before  the  n  of  if 


Fio 

V-W  !.  ■  ......  I  I       .  ..       ■    .       . 


t  I       .    ..  ..) 


ploytd  by  Caw  experiment-,    A  more  decant  J*:' 

:.j  [he  cv  iiir  bj  -<  Eliiosu 

:lit    ill',   til  il  nt«4 

il  uVtcvifec  .mother 
i 
-t  vfltfa  ihc 

■ 

■ 
M  the  Opp* 

200  i*  » iii-iwinc  of  tl  Ate  electrical  nachm     la  use 

Folyuvh?  Incptote,  iIkt  «:■■ 

of  affi  r<ll 

ihcr  Upropii  I  dry    w 

■ 

II:. 

.        .         i 

it:   .!       Ili    •  K-«li 

I 


of  the  building  | •' :f-?d.  or  from  otl    i  s  the 

i  ,i        hi 
Tprwerof  an  <Iectric*l  mncti  icnced  by  the  imureofthe 

■     i  hit  the  Polytechnic  . 

{%;    i!:.     pi. m-   i\    :     . 

•  ;  but.  in  con  cqi  f  the  alkali  o 

I  -■<»  ."lod  .1.  thai    ■    ■ tiu  ill  ■  • '  ndrw  .il  utAt  hu 

lftr  !  ■•  n  !"'    u in  "  In  in   i«.  made  of  I  part  of  tis       cd 

'fid  tin  together,  ind,        i     pj 

*tdL;  i:h)  Mir  till  f hi-  whulr  r-  tnliil     tf  [ftj    \nt\ 

■dial  whenthe  illox  of  wiv  i  is  too  hot,  muc  uiybcdia*npa 

wwaoar :  and  the  ai  ;t    inui     b    made  under  a  chiranc;  udihe 

j»aes<rf  kc  metinv  .  the  above*  art  rapid  :;i»l 

:i  a  iroodm  box  and  shaken  until  quite  cold.    'I  he  riukinK 
f  greater  pan  w.  ;■  dm  |mwd<  r,  whfi  h  mi  ;         111  J  out  nnt!  used 


.  and  ihcn  carefully  ;i«»  the  aa: 

V<  ;.  i   ■>■        C*Q  t«c  n 

centre  .  and  on  the  oppov  -aden  c*pt,  I 

auoa.  of  the  plate  ihr  a*1 
;  iho 

mend*  thai  the  cement  -  of  eqva}  psm 

jad  h 

■  ■  ■  ■   . 
ee  4<u.,  as  the  it 

ind  prevcu 

tlm  I  property  •■»"*!  c*ju^. 

now  mad*  of  pftite*  «  mlc-iwrc,  and,  »  feet,  ore  used  for  re.- 

The  plate  fa  enclosed  la 

by  s  few  ..r         i,  i.  liii.o,  tin  :   ihiQ^^H 

1    ■ 

Tr»e  writer  oa  *.  u 

■ 

ttrfc. 
■tth  the  greatest  suet  jj,  cap 
:Alc  Ch*TfC*  «*eu 
pouricr,4irtct«d  aninit  a  b«iy 
another,  a  mice,  booming  nan 
ofr-r 

;  *  i .  d  a  j  • 

I 

■ 

is  *« 

tf.  H  un-*i.toct 

ch.ne.  called  Winu 

chine. 

u-tafetf 

bee*'  i 

renvriienthi 


i         roi. 
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I 

11  ihi  - '     tncu 

C&AAM  i  :i  CilTti  i 

is  one  cl  the  elements  ol  the  ex- 

mIict, 
■ 

upn  ct  in 

.  hit,  i    t 

pi  k. 
,. 

g    iionnly 

ihttUte.    Here  »  only  tberti  noi  i 

s  enables  them  to  h  -.  *  pentcr  distance 

imc  conductor  .the 

more 

Mipel- 

i  jmlt     rt.ir  iK   !.i  -.  •! 

|u«<    •  i  i his      '  !,  oiic  on  rich  qui   Blthc 

nsvl  fJ»fi*  ■'  '    pl.iii-  Hi 

pi i  ■ .   ii  bras-i      I  b  '  wood, 

m  on  the  side  turned  towards  the  plate,  into  whu 

: 
111      [Ji  ■;    by  :    n  in 

coed 

■':•:>■  I     I  In: 

■  .     llic 
t!  r  stall  H  ■  i " "  !>    i  ■ i    ,:    ■■  1    ■ 

the  i  o»t  peculia    featured  the  h 

i  i  mt        rorr  of  ill  i  mct*!Iii  eonncetiar 

mi  i  by  Ihis  rcmaxknblc  apnea- 

in.*.     In  .i  24  in.  plat  . 
.  ■"•(Ii.  ant)  wi 
-nductor 
hnm  b*H  from  wlmli  ill  r:  obuine«t.     1 

:..-.■ 

[  »7*  1  electrical  nuchim  thr  im«a 

1 

li   lines.   A  ni 

iMt  "  ■  'iin.  by  »hieh  lb< 

1     li    .1.  era    t  ih  bited  in 
bacmr,Ea 

■ 
li    ,  "hi  h  ind 

Hut  the  plate  it  thinner    1  1   ibe 
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vnk  iW  pUte.  t*  that  the  *cc4 
The  gtirtrtnc,  hcmcvcr,  h*»  ml 

K*«  no  rufebtr* ;  it  f*< -h«vs 
r.  bat  ;  generated  t 

t  Wr  *h*t  hinr.  r  i  **r  « 

1 
■     : 

tlMll  he 

1 

•crw  toeollvct  tb?  c  lodcamv 

frxc-.mi.rV  nf 
Ibc  rods  of  the  r«l»  «*y  be  o 
m6UH  of  i«nl  \ 

■'  Ti>  'brx*.  the  •. -.itncity.  one  ol  ihc   . 
KMJBknfjnf-  *-.-r,  rl:  '     r 


'->'. 


**1 


-olved     Tht^  which  a  di;c  of  only  2  ft. 

■«us. 

if  ..... 

iculorv  t.  di<   i-  wire  be  br< 

■   ■>  ipli  p   vitiic 

1- 1  out  virc  at  Its 

■  ttion.     N 

•on  of  tb  ductor  for  the  n  d  the 

iby  ao  means  lcKcni«i  .-  is  accumulated  to« 

ir  rea.  in    1  i]  10  tin-  glai        Ku 

nou<  to  the  man  dom 

electrified    (n  lWcs&or  Holu's  machine  we  h;nv  the  eteci 
Ire  poinl  a  aid  the  rIj 

(1 
vet'  out  erf     plate;    'Hie 

□j  1  I   ■       <  .ml  ;•. 
jl   iiy   -if     th.;      p   I  ... 

punts  posit  :city  on  to  the  and  inductor  No.  :  i»  1  ami  1 

lie  xh*»  1 
1  )y  charged  on  :h<.  ■ 
r,  dra*-  l  ■  No.  :.  and  1 

»mo  poinl  1      •  .»kI  poinl  1  Nc*  tdis- 

;e  Began w  elect-  "d  inductor  No.  3  becom 

Lie  No.  1.  drafts  n< 

n  .i<-  ii  -In'  101    trt-  1  ppu  iti  I) 

HI        ; 

it      l||l  ||)||  MUltl 

irUlinn  til   llii    i|i 

1  .  !  m<  what  '.11.1  '.ii   to  tl   ■ 

in.-  the  1 

buttery,        llv  1.    nbinmn!    !>\    lonncclinj 

stand  in  numerical  order  round  ihc  disc     D  unjj 

tb:  pol  '  the  otrn  ; 

U  i    found   .  I"  -.i-  ii' 

insulation,  tu.jnii-l.  'tductorswith  shellac  ■ 


HON  AND  REPULSION  GOVERNED  BY 

CERTAIN    LAWS. 

loocope*  already  di  *cribei 

docs  not  permit  anycalcif 

~    *stothc: : 
Ming  a  cconmon  magnet  to  attract  a  nc 

!i  increase*  rapidly  at  the  twoarv 
La  closer;  rtlca<wK»»  byuiCTO  •  .i,  ; 

15—2 


»H 


br 


tsrrcc  b  panici-Arty  ffeoi 
dcctnc-.ty.  and  the  phc&:m-:n;>  were  < 
<ktcrmin  « taw. 

'  Omrflwi*.— T*  > 
with  i  (  «ely  proportional  to  the  s^urr  of  the  diaurM 

sepxf ices  them. 

Kx  •!  body  3«  *  a  rare1 

nwy  he  r-iDotl  ilf  ikjt  •  ■  <jut 

greater;  M 

.-  ran       L  ■    i!  <ancr 

■  ihc  quinntks  U  eicctr- 

fated  electrified  I  rep*,  aaochcr  and  en  ova 

to  .i  c-,Tt;i in  -hepoveri 

ward  «ith  »n  -  uae  * 

:    no*  nrc." 

i  power. 

.)  A        ■  a  u 

LULU 

a  v  i  initio)  Wl  cic-Lff  »»»i  ■  fcrc*.  l»KriOll  uaftr,  it  A  a.  tfx  »•» 
Wt  «f  Of  MM   *  J<.  ft.     Tk  dMp  -  ft*V   44 f, 

.■.».:»***■  r,. II  it*  <*kwr>  i  »..«»«  m*w  Ul  tMCklM  «M4kM, 
,*.,*.***•.  .'Wr,  •ollWtott  -lfr-.rdfti  AD  l**«-UM  -  *-» 

III 

•e  tame  principle,  by  rtvcninr  the  pcerlou;  expertr 

>■  decrattbtf  i* 

hicb  dl 

i 

f»(C  fi!  till    I 

brtlM 

Til      : 

more  ih.m  the  fin:.  ■ 

.i 


"    '  !!"cr  pane  of  gli«  j  vertical 

£  1 1 


I  lop  «f  ill  iffnuiuaicd 

|iUtiiium  wire,  rtrelclir 


i.    ■       h  to 

.  ittr 


-it  than  the  «cher,  and  < 


placed  in  the  centre  of  the  fr"  befoo  ■    mineri 

Ircli 

'Ik     \r  1  ;    ii:il      III-  .  ..!;   be 

round  the  lop  •■•  ih    Inihi   invili  of  uh 
buj  the  little  *  id  needle. 

The 

.    u  lu  (I  to  Ihi  needle,  <  Med  by  an  i 

stem.     It  ir.  introduced  vertically  in  another  hole  made  thrnugb  the 
of  gSaas,  and  ill.-  whole  ii  warranted  th  1  the 

other,  il"  atedli  iv   ii  tin-  <lit' 
.1.  . 

In  U)e  cylindrical  glut  Coulomb  balan'.  jM 

!•  I     Which  ;;•»!  I   ihrOUgll   l!:      lOpj    llll 

I  n*movn     i%  in  Ihe  viu;irr-bn*  bkUncr ; 

mi   111-u  .n  ■      ■  ■ '  dli  ;  n   '  ■  ■ 

this  in  emi  ichil    ■  uta  ball  ol  the  balati 

In  the  squarc-h  ball  in  rcn 

(he  elcctnir. »:  body  under  eaan    ■     oi       touched  wnh  v.  *n< 

the  box.    Accord! i  n  i  I  iw,  i 

i  i  .  v.  Ith  tlu-  ball  nf  the  n.»  <!l  ,  which  1 

Her  arc.  iccordfalR  i"     v  >•(  the  chaiyc. 

Directly  the  needle  J*  repelled,  tli  i*t  be  twitted;  ai 

the  force  of  larniuii.    Coulomb  j.m.itI.1  nid       .< 

tioniil  (■•  the  .in^lc*  of  tort  ion :  or,  in  otha  words,  the  fan 
u  blofi  di  twUtl  ;•■    i  the  win-  Is  ■  '.ii  ;K  pi  poi  lothu  ' 

die 
Supposing  the   needle  lo  be  repelled   !■■  -ii      list    m      •■) 
pd  die  needle  to  corn)  i"  rH  .  Eh<     op  cii   k   on  the  lube  muse  l> 
round  1*6  degree*;  from  wh'nh  i1  r<iii  tod  i 

and  ta6e  above.  Makes  up  a  torsion  eqo  L  nder  the  same 

icet,  to  reduce  the  arc  to  u  .  '•*  of  tor  i   n 

*,  1.;.  oi   "i"  tlii*    <> . 

angle*  .*  .  hen 

i   ■   ■  ■  '  fore 

fti  i      i     r  of  i  !oulunib  i»  proVi  •! 

The  late  Sir  William  iinnw   Karris  crnplnyeri    i  .!,]...:■  bruStC 
suspended  from  n  curvi  •:  bni  I  rod  6«  in   n  u 

earned  a  circular  gilded  plane  from  on  ih-     i 

the    ild  d  pi 

,td  ai  pli  .i  .i.i. 
WW  estimated  by  the  we  i . 

!      ...      . 
:  i.y    'I-   illv  .  ,,  . 

(I  ••    ".'.  d\    he  iitveiM'  of  ilir  M|iian  of  th  i  twta 

sustained,  cxcrpi  wliru  ih<   lulU   ■■  :1m  . 

■  ■    .  .... 

th  t<  i  i-  ip-oii 

'  illv  if  the  dec         in  i  ..i  in*.. 

irw  of  ti . -  ace,  *n 


_bttw«tn  ll 

■"  ! 

■  ■ 

'.  .      ■     .       . 

■ 

■ 

■ 

■ 
moir 

!  ■      ■ 

■ 

■ 


.A 


- 


it  tV  i 

did, 

1 

in 
.,. 

i  il»*  i  -»  ii'  h  ■ 

!  *t*«h  the  >jii 

■ 

'■Kill* 

&  »orc  or  ie»v   \U< 

■ 

!  dif- 

I 

rough 

■ 

ilieAn  nod    ti  i*  r  :o.-.*: :■...:: on  of  electrical   ipparatuft, 

■ 
rinrt  i  de  by 

■ 
twobonitpl  ;  ported*  of . 


"fe 


the wfcoh  of  thi  i  i^i)  *nd 

'  lull  6rn  > 

irni  nt. 


The  W:i    Uiif  fii.       :  ,  rr-rvtHc  fl)(  ■ 

Faraday,  ui,n.  •  i,  1:1  ■  .<mplctctv  identified  with  the  tebject  of.  «»• 

.1  n   inycl  i    u  to  ihcm 

One  of  thcbeJI  i*  v.li  cc    i'  uutlTn  baj;  attached  to -*■ 

Li  I        I  I  (  ■ ;  ■  Wt 

......  |i 

fi         t  Ik     pltrp  minfi     '1     nvMilr    c*t- 

Whcn  the  b 

......  i  met  t»  *  fljcw* 

wu  rod,  or  a  wtufl  disc  of  cik  paper 
w  a  thin  rod  of  fthcJIac  or  ^lan.  i>  p 

the   in     I  d   "Inn  up: 

'■■■"  ii ■■■.t*d. 

If,  however,  the  proof  pl.tnc  touches  iW 
o  itsidc  af  ilic  b.i  i»  t>l>t«t»e«J, 

win 

trn  .i 

OUI  Hrjthtfcf 

<l  -,  mII.  >liin  ..  mIIc  Ik  u  frf, 

ill             ■  ioi  it  *** 

Ft<;,  2c4.                    the  outiidc  \r,  now  ih<  j  pttaiN 

<lth  tkt   evidence  of  cl«   tri 

utirn  B/ig,             which  waf   inside  .t  now  outside.  aad.  «f 
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i  <fct*f^r  to  ihc  proof  ptjiic     A  bil^l 


V^ 


■ 

»tth   li-r  clt*.  !:•■   _•       U_  _*'_  li   !ir    n  Jit  •■    ||'    'til         <   .   •       .    t.  .    .    (      .  r    -    i   ...U.  :.- 

I 

K|jrcc. 


■TSr   '/  !«./  IClrttrxxcj*  mttoh*  .: 


rid*  and  suspended  I 

rtft-triw  '.  ili.-v  **.and  UUI    ind  ri ;>'•    i    u'i  ■  ithci,  **ilh  a  furCt' 
b*lul  ■  ■ 

II   It      I    ;i     I:     .. 


I 


i i*  ■•     •  it ■  i.'i  ■•    ii  ii  lit >  and  m  di  • 

\  mrmd  over  »  lanrcr  wrfs< 

ullinc  together. 
-is*  Is 

nent  it  qvhe  In  Accordance  with  the  fawi 

. 
[pW  paper, 
i  I  •_  '  -         I  .  by 

. 

•undine  ■ 
'  wau  be  hike-  :  ■  '  the  char. 

. 
;4ro£  dim  ctricityrr 


' 


FTC.    KOl—  7%4  ■   i  fbt  jfafi  mKWUKfi. 

fUrfoCCJ  ol   mcttllii  -wn  nv 

tlloinhi  book  pubfohed  n  177%     Hie experiment quoted b c; : 

:      w  EI  1 

■•  PIoj  1  op  11 .  n    v.  trie  1  cool  l  n  01  d  ojy«n  muff  o»  1  mo  otlicr  coadvot 

injc  body  n  me  form  and  dime.    01 

electrometer  u  the  a  d  ol      JUi  thread  pro* 

.    11  ippoi  1.    .. ■  ■!..  Iir  M* 

iin  i!n;  mug*  an/fmv  pint  of  it  mn  ■  Ikt  memlb     \     *  . 

.■I-  ,     ifj    il,,    nr  i  .t  >p,nV  nnh  »-!»-•  '  i  ■  .  ■■■ 

I  ill    ICC  lIlJll    tfM  »vliil»J  it    r.ni.uiiv   Hi   111 

■  ion,  -  ••  ■>  il   1  "-   01  'i<  toto  •  h  tl I  1  n.-.r  ruTi  1 

1 .4  it  ncquiK    .  .    but  if.  frtilbl  11  iunds  5u*r<ndei 

wiiliin  the  mug',  a  coi  ■  be  mtdc 

,  ..I    nritfa  n  onJ)  jh'i  .  .     dto      \b>  •    ' 

contrary  :  the  mug,  and  a  quantity  or  11  >rti«n 

il    I  .>,!'.  uuh  which  1:   1  then 

ova 
■  ■  ■ 1  .1  coon  •  d»? 

tl  I  [mil  il    tunic*  .i;r  •  hanu  .1        ih'r-  :     hl\]v,  iJi 

if  tl  1  J  ml  ir  it  y    1  .in  in  it    In  j  1  ii  |,i         '.■;<"■  fl*  *OA 

arc  it  worl   in  dilfcn   il  diit'itttmy 

Lavftlln  u)  i     .  ,....-. 

contracts  no  ckeTncit)  whilst  »ti5pcndi  v*K 

is  because  the  ■ .    |> 

and  this  da.i  ii"  opp  ol  parting  with 

fied  lien  the  muc  is  clcctnhcd  BefftM 

But,  1  .1  :.  theeh  ti  xo—! 

.iinm.iii.i'.c!"  />  ■".    .  i  ol  tin   electric      .  it  of  die  n 

the  fluid  belonging  to  the  ckv: 

be  rcpcilod  oothai  bo^y  »1ik1;  ti'imiiit:  Ith  it,  and  •.«<*! 


:oin 


M 


■ 
It  i,  fcc<rt:ctc«< 


.  aaitM  Otr<  tUe  it  ♦ 


possessed  of  a  eaniraiy  i 
.  pan  of  the  electro «c ope,  i.e.,  of  in  I  ii 

racsr  ion  •  ■!*  tin  will 

■  oaotnc)  fluid 

l    tl        lr<  II  ilir  al>m 

.-.,■,.■ 

'.'■'..  .     . 

then  i'  bemy  dci  ii  if  tt 

h  -.saredir. 

in        from  in.ill  '•i"l> 

V«K^lll  ll  uonlil  remain  then  with  iu 

■ore  ifcjn  anotb 

ii  ion,  ii  ii  ■  pi* 

tic  mug.J 

ile  a  vessel,  *o  a  charge  caniwt 
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fry. 


scnttou 

i  tiudyi  ng  tbc  phenomena  of  hunt  and  h*:  •  Jy  « 

... 

■ 

,1  .  v.    ■.         (hi 

I 

tier. 

i 

In     iv,      i  i" 

h  dta 

;  ■ 

o  lifo  k.-  :■ 
■>;  (Uat  cnlum**. 

nicnoc  of  attaching  pail  .  ihwild  be  as  lf^Ws 


A."1*-  .lufRmwwiy*  I 

•■^'n<kiriK<tc  i-W.c. 

i  ii^cd  ball  .-■ 

\l  repubr< 

■ 

•a  ■•  |  tar  «i.«.     >  .1  t»  ■  i  - 

'     •  ■■    ■    ' 
the  olccTri:,-il 

longci  rcpi-J  c, 


r/OM 


tt] 


-bcrcforc,  »o  iu  as  the  production  of  *  permanent  charge  of 

!i*S  bH-*-  ■  be  re- 

.'  rxpe 
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vtj.ai*tccL  ll 


»  !•  .    213. 


Item*. 


it  I  In    ,  mil  «Uawi<*f  a  ttlfc*pl 

.    .  ..1  _^ 


imtfc-  10I  vca  of  the  coi  -i/rrtVr  faaWifin  lua 

QJtifl  -  ;    1 1, 

'(trace 
disturbance  t  ■  •  ■■       -vbrincj- 

|(*t>  opposite  fr*.  >        .  11  iiy  Dcutnliae     1  b  010 

[I   ;•    t[.  il.    .-.ml     (in-   Iv...  I 

rax  1.    iji|iiM.n  he!   lo  the  half 
"Therfrom 

il 

;  1  U  ilroji  <ln\\  n. 

j'a '.he  UM  c.  that  the  electricity  on  B  is 

jaiivc,  u  In  the 

. 
:  ■  •  I 

"it- 

■    ■ 

tl     .  .  .      .  .     ■ 

1      .   .  ■  .  ... 

I  the  ctearKitKt.  the  production  of  opposite  properties  in  oppo: 
tl 
^»cr  polir.ty  is  not  maintained ;  in  the  Utter, «  *■ 
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*r«j  vith  tinfoil,  within,  say,  2  in.  of  the  outer  edge.  On  a  sheet  of  glass 
t  sqoare,  the  tinfoil  will  be  8  in.  square.  If  this  plate  is  supported  on ' 
msuhttog  stand,  by  being  placed  in  the  cleft  or  groove  of  a  piece  of 
fcipny  fitted  on  the  top  of  a  glass  rod,  fixed  in  a  proper  foot,  the  charge, 
before  stated,  is  very  slight,  because  the  force  called  positive  electricity 
ified  to  one  side  of  the  plate,  which  may  polarize  the  particles  of  the  glass, 
1>p05cd  by  the  positive  electricity  resident  on  the  other  side  of  the  glass, 
la  balance  is  arrived  at — a  dead  lock;  the  particles  cannot  increase  their 
Jge.  because  the  order  is  broken,  and  instead  of  the  continuity  being 
resented  by  Fig.  215,  where  +  is  at  one  end  and  —  at  the  other,  the  regu- 


Fig.  215. 

1  is  destroyed  by  the  last  particle  being  +  instead  of  — ,  as  shown  at 
•  3|6;  and  the  molecules  are  now  +  at  one  end  and  +  at  the  other,  and 
St  therefore  oppose  'and  thwart,  as  it  were)  each  other. 


Fig.  216. 


nc  difficulty  is,  however,  overcome  by  connecting  one  side  of  the  plate 
1  the  earth,  when  the  order  shown  in  Fig.  215  is  restored,  and  the  +  clcc- 
v  is  said  to  escape  to  the  ground,  which  latter,  in  its  turn,  represents  a 
scries  of  particles  all  polarized  ad  infinitum,  but  decreasing  in  intensity 
le  distance  from  the  disturbing  source  is  increased,  according  to  the  law 
*dy  explained  at  page  228. 

ttaday  insisted  that  electrical  induction  was  an  action  of  contiguous  par- 
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subjected  to  the  inductive  action  of  an  electrified  body  brought  near  it ; 
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noM  or  ether,  is  »ct  on  firxdi  len  pi 


i  prnoa  if  '!i    liiis  legs,  ind  holding  in  one  h  Ad 

■ 

ii  ■  ■■     h  o  him  bj  '    )  In  ■> 

.    th,     pi  |  MH   -:.tn.liM|- 

o*  tkc  stool.  -  1'h  i he  ' '  •   i  i  J     .,]...     Land I  m 

ry  f  i  ■itir,.vll.y,  kftd  H    II  -i  Mil- 

■•ire,  siy  J  in.  thick,  and  nicely  rounded  oil  nt  the  end, 
;to  the  cu:  Kola 

■  ■ 
like  a  gentle  aim  go  El 

.  room  he  d*rlcned,  very  pi  ii-likc  discharges    IR 

•rev 


■ 


FrC 

tMiirpj  ilirn  Tin  ii  it       rt*  fr-cnr-  'WriH..     i 

■  u*n  m«ji*-  iiif  ncpli'f  (anlwuii.    Th*. 


■  /  ,  i  ihe  ii-.  .1  the 

flc*'  i,  i  wirt  of  gloi-  seen 

Eridf" 
going  into  anii 

Aecci'^'-'i-*^  kUji  rcttclfprvrldsd  rhfc  ■  pound  |tMl  putM  --",!if 

U 


*fw,  +*h  their  rod*  .il  b-ett  t  sad  1  on  the  wires 

■Wfc  vv  connected  *  t!  ic  electrical  nu 

■.;  ■    :  (1    Ml 

which  in;  it  ill,  -ash  \>  the  rnc  I 

If  rli-  .-  .     -•   u  it  tried  t  oom,  ill  ilic  f >< 

Iirttrr  still,  a  Herman    ■ 
$*•*»  **  k*W  <vrer  t**? '  ■■ 
■**  veil  clccttiiiiii,  i:  i  '-*.  i  a  nan 


FMi  14  a  ,-.'.■.  -of  rvpptji. 

Arm  a  metallic  plate;  the  lattei   ire  ttu  •  ted  -»nd  repelled  in  the 

BUat    *iiiir.:ii,;    man  tlic   lil"*    *'"*     ' 

ip  an  nlly  <i  .-    .  . 

rm»'  iou«  parts  01  the  outt 

Ljht  ptdi  i  i  •     1 . ,  < 

by  juroftr,£  u;  with 

the  c  .isdcd  opposite  ftnotha  plate  connected  wu.h 

Ihe  pound  ;Kig.  1401.    When  lh«    had   *  of  the  figure  is  ca«  on  a 
disc,  everybody  can  see  the  experiment,  which  till  B  DM  KiK*niic 

proportions. 

uth    <  l:rt|n  !  11      ■ 

'!  .!.        1  If,  ;      [lit     bell     it  p 

'■-.-  j  ir    1  md  1  lie  oui hide  wiih  mi 

;,.  .-,,:,  othc    .'■'!    h-.'.nv    h.  hum 

.  it  .  nniimi  the  jar  is 

Mmd. 

i*ed  by  lachicfiherg,  and  called  a/tce 

"LkMeaberg  fifwes  make  nun  -iit  an  ckctro&< 


tfe  ELECTRICITY. 


Kift.  Ui.-TAt  Euttri-;  Sett.  Fii:.  ;4;      flaf  £<y*»  Jm-  am 

a  directly  visible  form, the  nature  of  the  elect i 
:  ;  <rj  .i  jiir  is  charged.    "I 0 

■i  rcain  [or  Bal  pUtc  <»i  ml  or.  knob  of 

jar.  while  toe  ou(«  i  held  in  the  hind,  we  may  < 

r  cs  with  tae  knob. 

*1atfr«t«]«ctriclq  ofthttaatri  -  -cmstaail> 

la  proportion  t\  it  escapes,  because  the  o:her  coatia?  is  k 

maini  idhering  to  ill  the  point*  of  the  take  wfcieh 

hut  tOUCbvd. 

■  ti.  aft  i  ha*  d  'teknobo' 

•ll)     Willi     IHfUllVC     ■  rtf     tt.L'l       ■ 

\hc  ktMO  i if  .in .  :'.  .arsui 

each  oft 

formed     I  IW  ol   sulphur    and  nxl  Iraii  /£.«/ a- 

itiCHMsr.     \Vc  pa  ill  ihi  pirti 

scK-cs  on  the  p*  UeidapocT 

uid  they  remain  adhering  there,  c 

rtht  powder 
vhtdi  [l  not  upon  the  parts  of  the  surface  tlut  had  been  ti 

I  riuU 
I  he   .   .'".    ••    -|-    i:    U       hj\f   )U»t 

|>C  «tqntf 

tl)    |)  l%« 

We  also  nmirk  that  th  'mn  *  mi-u.I1  taft  r 

pojniTrfydr 

red  lead  lean  I  m  phcnumcpaa.  I 

ioe%  a  rcry  remarkable  difference  botveen  the  two 
is  due  to  a  more  reneraJ  cause. 


Jue  to  a  more  sen* 

■ 


wcb*Tctbw*r«co;*»edinrcitn,Q<i 
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i  •*  adhering  to  its  surface,  is  not  pecol  substance 

«l!  bodies  t'  irl.i'i 

OflfTer.     V  ii  th  ii  t!  -  .  i ■-.:■  ii   \-\.\-  -     «!ii  :i  ■»»• 

W»n!  i.ir  .it"   i  (,!     .  ball . 

*  Lr.nJm  J4T,  tin-  ■  r  I'ig.  22t    .  ! 

**«Bri  ooc 1 1  ol  ih 

with   >n    inMihtirtf; 
'coating  is  lilted  aw-ir.  and  afterwords  the  tfas?  itself  is  I. 
f*;    the  Ivo  <oA!mtv  bemj:  thus  detached  :  no  electrical 

JJP*    Tfce  two  eteitriatk*  have,  in  fact,  remained  adhering  I 
tU»,  the  posiLiic  on  the  Interior  surface  and  the  negative  on  the  ex- 


fhwk.it 


Fw,  3*4-    H*rri/4  !mprmt<1 

Lti'tSi   i  .vf. 


"These  two  ckctricnics  are  recovered  again  by  replacing  the  to 

outer  eat .:  viihin  it  its  inner  coating 

.  sptice  between  the  two  com  M  ucen 

The  fat:  ted  out  explains  *hj  liarohrajn 

elect'  "'Re.  even  when  the  latter  ha? 

^     We  c«n  obtain    i  iiatKC 

ich  w«|  ■/  tenubki  and 

ass  after  ^^H 
e  contact  »f  -II  (lu  -, mtsotf^H 


jnr-Aith  thu  metal  surface? ;  but  the  second 

to  make  all  the  ra:  ic«  disappear.1 

XIV.  a  scry  portal  nple  apparatus  tor  obtaiasA£  eJceti 

charrini:  al,  u:.t  .i-r.  .  aa 

thesam*  Do,    ll 

\*ilh  oul%ide  with  li  i 

<;n^px\ 

robb  (Sena 

1, fl  h  'I"  -.:  Mln*  ■  firope 

Itti  -.^peofhau 

the  proper  tinkers,  hnld  the  phial  uctimca: 

cooling,  on  the  outside,  t*ctw 

ban  tkcthcril"  dstoadilTi 

draw  it  between  the  two  ribbons,  ovtr 

bnUI  bill  jit  neat!)'  cl 

ribbon       '  inj:  thrown  ih:-  ficra 

pcatfofftfa  .,  i  rteen  or  fourteen  time*,  the 

fire  wilt  post    •  r,  which  h 

ill    - .  •   li- ■  i :' '  J^ainsi  it,  ywi  will  liblr  tpai 

ball  of  the  )oi  '  p  ifjjr  r.    It'thcap] 

£r*»i  order,  vi .11  will  ln.it  ihi  ks-«hcn| 

p  rtl»chflTl£l 

- -stance  of  half  an  inch  I  bull. 

In  order  to  regulate  the  proper  ih&chuveui  \->Je] 

bottrricJ,  vtry  utrfu  Ixcn  invented 

'  h  i  di    i  :..'     ■  .',s  Ann 

feed  to  the  rod  and  ball  passu 

.1   hill'"   llir    h;;;!i    prhil  li     i  mil,   K'itli   ll 

iCT  between  ili 
the  otha  the 

(.i.;iln.iiiii  on  Ihi    did  in  y    ■  •*'.■.,.  i  V;-  ..  .'  .     *\     nj;  \park  i 
i    i.  r .  _ t . .  .    charged  I 

the  >u)  may  be  obtained    Sir  \V.  Snow  'cdthi 

ment  of  Lane*  ilucharym^  rj  mutiny  it  *n 

dem  pu  .  at  mipht  t  toooeori 

The  uiujesop] 

twecn  a  belt  jtlan  arm  and  x  vttMt  kl  tub*  of  bra**,  ami  n 

■  nsof  a  £t.«Iua!c4  iJidV 
ot*;.;i 

ui  u  :•>  tnsiiUir  li  '.  and  adji- 

:><  ■  .a  brig 

and  ocoer  piece* oi  ('•■:  me  il  .ipj. 
clcjxntl;  Fll 

auco 

■ 

Cmhfeen  rxly  nsH 

icro  Ii/rc  l.cyden  batteries  are  r 
■       : 

;itayvd     Trw  apnarate*  coo» 
"glassrods  or  supports  I  -oeu 

latin*  rods  or  pcJcvuI- 
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beb*  it.  .  .  >  the 

mi! 

.illgfd   a    li  ioiI. 

ike  a  buancc ;  abcrvc  (his 

-din/,;  Intra  the  ume  large  b-nm  ball,  vs  another  rod  and  ball, 

"cr.  indilmoi'- 
tie  ether  and  lower  one.  that  work-  off)  kn 


«        -<"; 


■  ; 

The  hook  of  a  i*  connected  by  a  chain  with 
tfcx  hii  h  the 

bal*»cc-rod,  v,  works.     Tto  J    Uka  Ihi  of: 

redter.ab)c*ihccApcrinicntopio.idiu:.t  the  balance  perfect]]  lh 

u\>\>  tid  ball,  wliieh,  when  ttifficjentl)  ied  b) 

ID  li    Hfld    I  li.iin    it    K, 

rvpds  the  movable  balance   a,    irtd,  making' 

i   by  the  dotted  line*)  by  ttmdiing  the   bflUi  bail  OO  A,  the 

■.,   1,1    •:.,;.„      .:  ni   r 

lOund  universal  discharging  electrometer, 

tlic  i  .  hive  noli 

irjcd  and  ready,  by  inscrtii  ouadrant 

tie*-'  -1-jnted  ar;      Th    oscillation    I 

juiio«i  ready,  will  likewise  serve  10  warn  the  person 

ui 

L  In  connect*-:*  with  the  Lcydcn  bitten-.  *  Cuthbettson  lalance  elec- 
mete  a»d  isehai 

mjAxrixl  wbeii  a  tic  to  tm?  uibjcetctl  to  the 

ofglaav    The  mochanl' 
•fran^emefiia  a  i  the  din  i    Ml  •  >!  the  charge  is  certain 

rdlj  requires  any  explanation,  as  the 
putsarc  sosampK.    It  con  i  CSOJ  iwogta  .  woicft  support,  tq 


jo  ni-    Iwo  tAM 

c  from  cm  >r  ihcy  rcovc  right  or  I  MfiC 

■  ■■  . 

a  pieced  ivcl 

u  inserted,  e  ublccnnberemoivd  .ndtkcprassobOMe 

Inwnoft  when  K  Is  require!  io  show  the  tauntr- 


.•46.— Hen  ■'  Vm. 


charge   b)    putting  gfti 

beta  .                                               ...  £h  tbrm,  *fei 

5  hitlers  the  (flaw  to  fragments,  and  liecjo  i  < »  the  e^- 

kU                                       i  i  1  Id  fUl  t 

C1.1K  pl.ii.                             nd.  to  p(  piece* 

Slat*  flyin*  about,  it  is  better  to  cover  the  whole  **h  a  or 
UK 

rnortwolbi  lull,  aitac-nun*  to  Ufei     i       f  i 

■ 

■     i  .'M"  |»   fur  111  ik 
.m  Ihf  ■  i.t.  k  in  n|  -  >iii     !  ■ 

when   lie  .  the  lrnr~ 

becrtadju  mLh  ii&ciciycaptovea. • 

i»  dr  minute  white-hot  •ectneca** 

n 

I     ic  Hei  ti 

them    When 
.  and  tfcr. 
powricr,  ii  it  not  ignite-:. 
•!■•-»>  b) 

■ 
n  the  >p 
)'   :         .  |hi   -In 

ineforson 
pewrier,  to  ac-  cat  and  tet  .1  cm  far 

i 

k'  xraoc 

1 


rc*e*  *  retm  (  ilic 

: 

iiipo*dcr  by  the  Leydcn  jar,  q  little  cud 
he  c-  ic  mtilcoi  :y  discharger;  xnd  in  or 

fpoi!  'ii     tvvoeoppcr  wire*  arv  tlin 

stdcsof  i lie  tray  conMimng  the  powder,  and  the  brass  t 
Hcalc)  diichi  -i  &udwhhthem  A*  beiiodtti 

iik)  bttni:  i 
neeted  by  »  chain  with  i  or  of  ifie  Leydcn  jai 

twr^CI  Wltlt the  W     I  Ml  d<    I"  tOUl  It  llickllt)l»,.tiu1,.ill!]t)i:^;l] 

tact  *s  nude.     To  tire  p/np^wdcr,  .1  *ct  si  ifl  <•( 

lie  placed  in  a  doted  cateor  i  iriti<l(;r, 

.it  it  .  annoi  b  by  the  mechanic*!  dts- 

cbar 

Sturgeon  mr-rdi  the  velocity  of  ihc  discharge  by  placing  thr  gun- 
i    n  a  boxwood  cwpwhu-h  ii  Insulated  and  connected  with  the 
•uuide  01"  tbc  jar.     An  insulated    bras*  wire  and  ball    is  placed 
directly  over  the  cup,  jikI.  llrectlycon  idcwftl   It 

$  the  Leydrn  jar  by  tin-  onttcarj  dStchrgir,  ili>  powda  i» 
"rod 

(.  A  pi  •  h  hci  I  itig   111.1  J  Ea  • 

ir      into 

inseited  al i  haJ     in  ini  f>.  onj  i I      rhc  softer  the 

Mioil,  the  talc 

cpcrimcal  muti  notbepn 
cos  of  wood. 
II  "'jti<i  campi  Ait  candle  b    I  km  i  oui  ■ 
from  it  a  column  ot    a    am     rnokfl   which  1$  in&unnttoli     1'  iticba 
Ic  i*  dU»:  i  table  of  the  Henlty  dltcharrscr,  and  tbe  balb 

Nroufih  a  point  iu*t  above  tint 
i  .  ■  ncctoJ  »■'■ 

the  spar1-  lj   Mth  I  ie    Ji 

dcjticfotitly  made  with  the  Lcydru  j,ir. 


N, 


t7-—  The  Eitctrk  Bowtk 


i  ■  .  -  undergoes  during  the  passage  of  an  electric 

wih*  mouth  of  which  i»  aocuraftcb  ntted  a  bail  of  tome  l*u">  wood. 


■66 


FUiCTRICnW 


Whenthcdi*! forced  out ;  i  ■••  !.•• 

Um.tdf..l  ...<■;  :  v-    146},  the  effect  is  eery  Ccttatn.     I  : -%rofl 

ofth    air  in  this  expcrimcnl  will  help  the  stud  ,  why' 

so  much  noise  (thunder)  is  heard  when  the  electrical  dischargr ' 
nkca  place  from  hundreds  of  acres  of  charged  cloud*. 

XXIII.  Theexp'Mm.  r,:  -  fflad  the  "  Shooting  .iijtiful.bx 

like  many  other  illustration*,  rexjuin*  considerable  pains  to  be  :T 

order  toobtali 

vidfldltl  li  i^i  foui  foci  in  length;  Uii*  n  properly  upped,  and  unn-M 
ayfth  •  *topce»  1.  n  .in  .  ii. i  .1  it  other,  which  %to*M 

lie  till  r\\    milliilril    ..  ■  ■ 

Tlir  electrical  machine  l*euur,  in  %it  id  urder,  and  the  Leydcn  hi 
of  sue  square  feet  of  glass,  warm  and  dry,  one  assistant  n 
to  Charge  it  gradually,  whilst  .mother  may  be  pumps 
thclonjrtubc,  When  the  ckctrom 

charged,  one  end  of  a  chain  is  attached  to  one  of  the  balk  of 
..r .;  r,  and  the  other  end  to  the  top  of  i'  ihc.    The 

pump  fn  I    .nil  of  (ii.  itiln  i-,  of  cOttrMiin  ■ 

munlcation  with  the  outside  of  the  battery  jars.    The  circuit  is  otn 

tuddonly  completed,  tnd  onunoe us  rlxsii  through  uV 

whole  length  of  '!»•  tube  mark*  the  dtacliarye  of  tin 
may  occur  that  it  dischar^1  •  a  brush,  and  that  the  fa 

tttoit  be  recharged,  nod  the  cspertaieni  tried  ag  in  c  per- 

fect succe^thcexpcritrK-nt  shniilcl  iiriricil*ithj  K<f    I  .vrnrd 

to  a  pump,  and  then  il  will  soon  be  ascertained  what  vacuum  a  the 
Imtsi   for  il:t-  experiment.      Success   ,  n   the  ri(fat  I 

management  of  the  vacuum,  which  must  not  be  a  porfeti  one. 

XXIV.  The  velocity  of  electricity,  and  the  consequent  amanng  rapidtaf  a 

the  spark-discharge,  and  appearance  ot  disappearance  <if  the  light, 
is  ldmirably  shown  by  Mr.  Rose's  photodromc  apparatus  described 
at  p.  8$,  Fir.  Q5. 

'1  hr  ivn!' :  i:sc-i  the  disc  four  feet  in  i  having  a  series  ofhbck| 

balls  painted  on  n  white  ground ;  when  this  is  rotating  three  hundred 
efana  to  .i  d  tome,  and  the  black  balk  have  all  merged  one  ii 
ntln  i    Lccordingto  tin-  la*  of  p«  rwati  m  t  of  vjmou,  -alrendv  cvplatfwd 
at  p.  ft),  they  produce  (instead  of  twelve  diftbx  I  black  ImIU]  three 
rontlniWBU  rings,  dark  in  the  centre,  and  lighter  tow  "%r% 

hecamr  tlirn- th«- |  urtace  of  the  whit<  di»   :<  exposed.  The 

disc  should  be  illuminated  with  a  lime  light  and  lens,  am!,  di reedy 
this  is  cut  on.  a  Lcydcokr,  provided  with  k  Lane's  dischni 

i:mi.  <!  to  discharge  itself  rc^itlai  I;  il  mac  hoe 

i:;  Tiioti-  m  ;il!  the  black  li.iilsnow  return,  and  the  disc,  though  going 
round  three  hundred  times  in  a  minute,  appears  frequently  to  stand 
stilt. 

Tin-  tame  (act  is  observed  during  »  *tmm  .»i  my.! 
with  thunder  and  lightning    all  oMccts  seen  b>  ii 
tricriaih  u  «tand  sull,  although  they  may  be  in  rapid  motion 

at  the  tunc.    Captains  of  ships  ha  vr  frequent  nnportun  -'icing 

thH;  a  »torm  comes  on  suddenly,  and  some,  if  not  all.  lh<  uiiUofthr 
Oiip  require  to  be  furled;  the  command  b  given,  up  rty  tSe  sailors, 
and  the  deck  and  rigging  twama  with  men  who  arc  actively  engaged: 


nismomcM  ihcsmpis  illnmrnated  with  a  Huh  of  light  > 
ftttccr. every  mar,.  ■■■»  I  tn 

al  .  r«eta  *•  tf  Uwy  were  jurt*  of  a  mu^ 

The  tia  ii.  th«  the  tle.ht  from  a  flash  v«l  by 

SirChAtVk  VVbrai  goes  ;:i  tin-  mill]  ml 

,  so  that  brforrilir  »  wndthrw  I  mesin 

*  -ninutc.  hi 

r  .  With  .ill  l  ithct  "'  I  -1  with 

thccki  ■  eren,  under  these  •  I 

'ill. 

DCV.  Usst  yean  ngu,  Sir  Chunca  Wlu.tr  |  i  :.xi  a  most  ilt| 

'Tine  the  Telocity  of  elod 
,  and  it  wfll  (him  IbeM  experiment  he  deduced  the 
aSmoc*  tn«;  ark. 

jpparautui  consisted  of;i  Lcydtn  j;ir,  which  /ed  in 

crery  upcnnxni  to  the  umc  amount,  and  the  discharge  M  it 
a  copper  wire  about  half  I  mill  lung. 


I-'l-:.     Lifl 


!COp©CT*if  -aipted  at  thrrr  p>ini 

nc  xx  the  > 


The 

>(  thi 
niter  toaU*g,  "  c,  of  the  Leyden  j.ir  js  the  firM  <*' 

.1  disc 

>c  thrcr  brr.iki  in  the  rir^uit,  where  the 'pwrk 

ujoJc  place ;  so  '  I  ttw  l.rydcn  jar  was  d 

rnild  U:  ic  ii  ii  0  uc,  and  were  rcHoiled  m  .1 


»fi« 
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revolving  mirror.     If  observed  withoi  irror.fhe  three 

appeared  to  occur  s.multaneousk ;  but  when  looked  at  m  | 
revoking  itrcl  mirror  through  a  plate  of  K*1"-  thn  »p- 
ina  i"  the  law  of  persistence  of  vUiun,  DfOORM  line*  of 
two  uc  cuiul,  whilst  the  third,  representing  the  middli 

intuit,   i*    viflkunlly    .IcUjeil    to   glT*   *   shorter    lint-,   :;nd.    .< 

uliK  iiy  i»f  tin*  gted  mirror  is  known,  1  >y  ■  prop  r,  chc> 

an^ul.ir  deviation  of  the  inuge  ol  tlte  oentr.tl    .;■ 
[.iiiii-l .  utd  i*iin  LbcM  thti.i  l.iiinn  u|  the  current  b>  :ir 

loni:  copr>cr  wire  is  correctly  calculated 


FlC.  Zty—ApparAtui,  writ  hv  Afst.rrt.  EVtttl.  to  Mpqc  the  time  Gtmptdh 
the  transmission  of  ah  £lt<trii  Current  by  rt/testion* 

*,  tli*  trv.i|Mr.( .r 

The  three  spirit-.,  when  icen  in  the  revolving  mirroi 
tl»nv  itraigbt  6nghi  line  .  and,  if  the  m<-»uon  is  very  l.t-i.  ' 
assume  the  appearance  a.  Fig.  :eo.  when  the  nmmr  uj  rotated  10  tfc 


Fia  3 jo,— /  /  *  ■■■■■.■  :  .Urror. 

n^lu  .  but,  if  'everted,  then  they  appe.ir  ns  in  n.  Fij;.  350; 
line*  NCR  ntvri  seeq  ;is  at  <  or  :     fig,  750,  which  should  hivc^—- 
the-.,  nng  tu  the  FranUinian  theory  of %  tingle  fluid  * 


Wheat  stone's-  irjenioxi  <ful  experiment  supports  moat 

powerful;  the  theory  of  the  two  fluids,  whkfc  aera  La  thr 

■c,  m  il  they  rushed  with  «ju*l  speed  to  uni:< 
and  Ckeuirxlire  rack  other. 
The  *u*r»  :m:  «as  placed  toft.  Iwwy  frum  the 

rning-np  i^  the  aspcafenaais  K-"r 

Wlcminj; 

[i  aveh,  tin  :»ugh  a  copper  wire  arranged  as  in 
the  tipcffncot  dcx:  i  ili.ni  bgfcl  in  Eta  pa*)  I 

mi 

3    That  the  electric  rein  of  the  two  kinds,  vu,  that  from  the  intern 
of  t>-e  jar  oavJ  the  otBCS  hoi::  the  exterior,  travel  xi  tlie  MM 
cit/,  a*d  meet  in  the  middle  of  the  wire. 

5.  "Ha*  the  lijht  from  the  electric  flash  or  spark  4ischarj;cr  docs 
acabsttod.;  ih  part  of  a  second. 

+  Tl  11  ippracaitii 

interval  of  thai  duration.  can  tee  objects 

l>    lliuninmlitl  fur  the  millionth  jiArt  of  a  scvund. 


^T 


*S  t.—Afpc*>csufpflk*  Cnrdofttrttnditfj  ,/rAv  (kronen  Sih-rr 

*V1    Venr  tine  gold,  silver,  copper,  bnws,  »»d  iron  ■ 
ifcsan.  Jot 
Garden.     At.ru:  rf  citha  met  tth'i    a 

1    .,  «iu  I  «  11  in  Ihi  1  in)  it  ihr 
imI  1I1  11  plai  ire  in  the  cut*,  which  may 

ll<«:I 

The  card  »sth  the  wire  is  t1  •  toother  card,  *n.l 

ffceed  brtvnxn  I  ihc  tittle  pre  a  attached  to  llcii 

uuversrtl  ducfearctr  When  lightly  screwed  up 

and  the  brass  balk  of  the  >  Um 

ends  » he?  U  marks  n  ot  the  two 

re,  thtdi  ^n  the  Leaden  baitcry  can  then  be  sent 

ihranujau.  Toe  result  u  that  ihc  - 


*1« 


ELI 


and  so  perfectly  divided  that  nothing  remains  opoa  the  tw 

ifcrtC 

divided  metal  bcini*  driven  bodil- 
■Jtaou-;     '  oo,  tnd  ihis  mj 

thin  iron  win  ' 

nRft  of  nine  or  twelve  Inches,  the  tti&r 
pmed  In  ■ 
well  di 
The 
alftn  br  ihOW  "■  •  -iftcM* 

prar*  in  the  form  ol 
■ 
or  oth<  i  i  it.  .hotpj 

n<  v»  of  any  known  \> 
cardboard,  so  that,  if  held  ■  .tb  a  cuvdk 

it.  the  ihadow  eftct  indicate*  that  the  portraiture  it  - 

Ulkai  pa- 
id unojua 
iIm    gold  (i  -m     h     u  _  i 

... 
po  .1  .,.•!,,.  ia  com 

i    ill  mil  ■■■  IM  Imlla. 


I  I 

Lo?*c*roerf<rttiflr'll '"'    ii.'f^aifNMwii  *  l»  t  nt.'ii     *    p  ■■      ■  -wtvoi 

N  XVI  f.  With  (he  powerful  hydroelectric  machine  nl  the  Poiytc<' 

(to  be  hereafter  described!  x  matt  beautiful  effect  was  arodi 
terdiin;  the  di  "K^  of 

(lass  and  copper  ;tmn;f  on  a  «ou  i.l;  and  a*  th* 

m  M  Icjlh  fi  . 

■ 
a  p: 

cxp 

hi  11. vli  rt 
XXVU1    To  imii 

cii  'niM-on  buiUiapbAc^!  «u* 


•  *liip.  or  rr.iit  of  i  ihiy,  ore  made  b]  I  II iot l. of  the  Strand, 


no.  :$*. 

All  th«c  mod  ■  n  one  principle,  xu.  that  as  long  ul 

conductor  f.  conimi  ughout  «nd  unbroken,  no  harm 

d«m*c<  n.  but  directly  the  <om 

broken,  by  removing  or  xJ  e  pondon  of  some  part  of  the 

'."i. thee  i'-   folio 

tfc.ir^cd*l  twlt-r- 

t  horiio     ilrod  u  i>oedJe 

I.    '  [■  <ii  ili!   |hi  iit  o       ■    ■  i ■    ;     i  ■    h'   rod 

'..ill    ll;i     : .;!.  :;.ir    i.n  uli    n    j.ir. 


2J4. — fttrrrt/a   Ttw»Jgr<<£mnl  Nrftft. 

■ 

don  kttr 
ttavr  the  fi»V  <- 

itlk  Ihr  track  a  The 

COttM  is  cater,  nncy 

-en  ju.-t  :  hun  h 

tin     Uv  of 

■'■•' 

upon  the  top  of  the  ug  the  jar 
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through  the  parts  of  the  models.     As  before  tutted,  wben 

Inner  portion    if  the  conductor  attached  i  i  mnU 

»  connected  with  the  owuiih-  of  the  jar  b 

thunder-cloud  needle  being  in  connc<  <> 

Jar,  (lit*  ilisclmiuc  li.in  [c  in  I  lie  d  v|»,.?tii  i  .4  iht  pais! 

cif  the  toy  model;    hul   if,  as  in  A,  Kig. 

■  ft  wood  at  B  15  turned  round  at  right  an. 

ww    •■■  h  r  win 

place.    'I  In  model  B  m;uni  "ic  corttbQ 

undisturbed  1  but  when  i  tltUc  bit  of  tinfod  is  remoivd  He 

i»,  it  topples  over  in  the  most  natural  f.i  hi 

Uimi:i'T-(l(,uil  ix  dj 
The  model  fc  affords  a  good  bang,  and  the  tool*  is  blown  offvto 

the  powder  i:i  the  tube  I   i*  ignited;  but 

\i\.  too  mui  li  gunu  rwdi  r. 

poors, ooper,  m«t. 

dplivt-irtl.il  lIuS.nilhw.nl.  Insiiiut-  d  j*^^H 

10  Kivr  Uicm  I  "good  ntic,"  hi    .''■■ 

structions.     Luckily,  this  was  the  ei  - 

powder-hou  ic  blew  up  wi  .•t-jsta^tieh', 

the  roof  descended  into  the  middle  of  .;'MrK--U  a^^H 

machine,  and  the  result*  of  course,  was  toul  nm  IV 

audu  hclicvcd,  thoiii  :ii  n  w.w  »ll  \i    i 

anti  applauded  in  the  most  r>/*r»#rra 

clunked  between  the  lecturer  and  nis  assistant 

desponding  kind,  considering  th.il  the  large  d 

only  bet- n  ooiiowod  feu  thj  i  0 

i  .  Fig.  2J3,  is  called  the  "  fire-house."  mil  exhibit i 
the  electrical  discharge,  anil  its  power  to  srl  fi      to 
tow  dipped  in  ether  or  alcohol;  and,  as  >t  ii  mndi 

Skied  with  gl.iss  windows,  the  conflagration  inside  ! 
tnrntnblc  effects  that  might  and  do  occur  when  b  ifKt ; 

and  act  on  hrc  by  Itghtn  tif 
XX IX.  A  lightning  conductor,  if  intended  to  last,  should  be  made  of  copper  j 
rod,  at  least  half  an  inch    better  ter.  '; 

should  be  carried  above  the  highest  chin 
pointed  and  doubly  gilt;  the  lo«'et  end  must  be  earned  down  to  tkc  | 
i  I  iv     ind      w»t  niter  tli  I       umnf  cirth  kwmn  lo  1* 

dump       If  the  building  is  .»  long  om       i    ,  .   U  -   .   :..  i 

nJng  i  ondui  tot  at  .-  <  h  i-ml.  a*  .i  ■  Inud.  m  -  itiiituj:  i|j  >■■ 
nindin  lor,  m  alw  i\  *  discharged  through  the  short  it  n 
i  i  h  mney-pol  at  the  other  end  of  the  build  n  aalb 

lightning  ermducioi  si  ih<  othei  end,  rt  may  divide  the  h 
;n  r|  t\  mi:i  r>  iil  ih    di  u  h;i    '■    with   [he  o  nam  tor,  provided  ''"■ 
cloud  arrives  at   the  side  opposite  to  that  where  the  n 
safety-rod  i»  fixed 
XXX.  The   hydroelectric  machine  affords  a  magnificent  exan 
electricity  derived  from  friction,  and  It  continued 

Knod  to  '"■  one  of  thi  "     ■ 

tin    '   Philosophical  M»g«Jnr,"  v»).  vii,,  appeared 
Mi     '(..M\     n  William)  Armstrong,  giving  a  curio. 


-"--- 


ktrni  at  //.  .  .  httie. 

rest  in,  :idci)inl  production  of  The  ti 

iparl.  through  .1  lisiufcor  i 

.:    -•     ■  OUghl  tO  !:.*■ 

In  sic.iin  :  ookH  i\  Maniiin 

erj  time  the  engine-i  i 
lii*  hand  ihrougti  ihi 

Mr.  Ann 
intinuinj;  .1  very  Ubonou*  And  ilrvri  %nci  of 
!h.    pi   4\ 
team  nurfhinc,  tn  Which  the  panicles  ot  wntcr.  im] 

i-innx  *f**al  '  ■  I  wili 

fonndfc  wood,  pro  1 
.n  hngUnd.    At  that  time  l>i.  Bachoffl  JM  very  p<  » 

d    ■        .ittwJ 
ai  ui.  ■■.'■.■'  Lmaiu 

*fc>:h  had  to  I  ;    i«- ■.-■.•  1  In    ponderuui  nuchin 

:  "■    ■  1  ii  ■  1  j.tii  m      \v  il>  1  ;i .  I 

■ 
:h«t  our  r>  nk  the  »n:>  1 

prorr.  lytcchmc  denial,  he  ha*p«tcrttd  to  Ul- 

a  yemn  j^>i  At 
tfeu  iBHiMJ 


RLBCTRtCi 


■  Shortly  atttT  these  experiments  were  made,  ldc  directors o*  ifcc  rV?tetftai 
ed  c«  constructing  a  niACfcrnc,  on  a  Ut$v 
porjiovr  of  protein  :yb)-tn«< 

mtendance   of    Mr.  Armstrong,  aitJttcci  b^ ■    ; 

.~n*U.n*rot  Qi^^^| 

i  "i-ti  hi   .  ■ 

form  i  iin  engmeboi  ■• 

t  of  win  '.-lain 

:~ziUc  nctu  in, .  its  diarm 

hole  arc  boil 

■ 
!  running  nearly  its  entire  length. 
u  i  in  prcnliaf-tliApc 

wooi),  <nence  Fa*  shown 

(kac;  ft uui  these  the  "  >m  ooc  cainaMM 

H'llU  ll     U 

her  tOtV  ..     n 

■■■'.. 

*nd   Cn*: 

one  jiojciia  cap  covering  tiam  iucck**al 

■ 

»*re.    At 

-  the  funnelpipc  or  chimney,  so  eoonnved  th-  . 
Hid  of  pulleys  i .  i  i-  ii    p 

lilt, .if    !  ri.  411   xs  to  lf.ihY    ll 

.    n  ...  ....;■. 

i ,  .  ...    n.  wood,  and   the 

ritam. 

•  y  the  steam,  is  placed  x  long  unc  bo*,  in  which  arc  'nod  fo 
■ 

u  •  preronl 
boiler.    The  bo*  is  so  oontirr  i*,mji  wb»H 

further  from  the  jetf  of  steam:  the  motali or  oprnr{ a 
alto  U:  rend  ti  d  *  narrows 

inten»ii>    >l  ilic  

...... 

■  lily   i  onrcyed   t « •   •.!. 

c«urc  a: 

u«ila!1-  n  ll.r  viii.ur  R|1  li 

I  dtodeeme 

machine  is  oo  ■■  Lrticlcs  of  wai< 

iMedtt»thej;i. 
vuod  I  the  iteoiP  Tht  item 

produced  by  this  engine  is  not  so  romarkaV.-  ' 

'•■  ue«d  by  Mr  Aiomir*% 
ne  V:nnih  - 

tpt*Utl£  crrtlj    Bo  ft.  rfio^lixl  gU»V    win 


THE  HYDRO-ELECTRIC  MACSIN& 
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charged  by  the  bra  pitta  machine,  7  fi-  Lfl  d  n  about  50  second*, 

>nly  charged  by  the  hydro  electric  engine  in  6  or  8  aeconds.     The 
h  fait  between  the  boiler  and  a  conductor  are  exceedingly  dense 
[appearance,  and,  especially  when  iboit  I  mfeflt  the  discharge  from 

ued  suKsee  than  from  -*  prim«  conauaor     They  not  only  iantt  sum 
paper  and  wood    i  amen    pi"  13   ll 

bclwn-ti    two    pomiv       In    ihr    I  j  i  ■.!    mhiiiIkm    uf    the  *  Pliilowijiliicjl 
,' a  vric*»  *•■  i'    •  »  j"  I  inn  ir  s   tit. nl<     KfHh   tbn    " 

by  M r.  Armstiong.    True  polar  decom]  i  wain  vi   diccicd 

clearest  and  must  aCCiatvc  manner,  n<it  only  in  or.-  Ml  iB  'i  » 

Ttsseh.  arranged  tc  nd  filled  respect i  very  with  distilled  iwi  i. 

with  sulphur. c  acid,  solution  oi  sulphate  of  soda  tinged  blue, 

lactation  of  sulphate  of  magnesia,  Ac,  dc.,  and  the  j.uci  were  obunuJ. 

Sfnactcnt  quanmic".  for  •  i  uni  nation, 

^The  foflowinc  curious  experiments  arc  likewise  described: 
'Two  j:U**  veeteli  contuininu  water  were  connected  together  by  roeu 

rent  to  pan  through  the  Rlaapae,  &• 
tn.il  level  in  the  vessel  pole, 

.  below  tt  hi  | luii  wh  polC|inctii  alin    fli 

f  wata  in  tin   din  ction  of  a  current  notting  from  the  po^im  ■ 
ncfj  n-glaasc*  %  nl  mwily  to  the  edge  with 

wilier,  and  pUt'id  nlxxii  4 ■'" ■■'    >»'  U  inch  from  MCh  other,  benny. 
•get  her  by  a  wet  silk  thread  of  sufficient  length  to  iHow  a  portion 
j|  10  be  coiled  up  in  each  glass.    The  negative  *,-.    ta  thai  whicl 
ucatoi  wilt  1  m  one  class,  and  the  posith-i-  wii 

•  hkh  communicated  with  the  ground,  was  placed  in  the  other.    The 
line  being  then  set  in  action,  tit    foUOwnf  rlflgrilftf  00*81  presented 

\  slender  column  of  water,  Em  losing  thread  In  it*  centre,  w« 

try  tanned  between  the  two  gTaaaca,  amd  the  ailk  tl  pusto    

fan  oVe  negativi   towards  the  positive  pole,  and  waa  c^uicldy  atU  draws  0TO 

!  and  «1  ivc  y,l.i*\. 

thia,  1  ontinued  Tor  ;i  few  KCOfldf  IDJpl  Mil  1 1 
earn*. ..  '%  bcforr.NjT -Aiih..ut  ;l  I'Mipportof  thcrjirrad;  a,nd  wlit-n 

'..-.  the  tli  irks. 

*>  V  -ill :  thread  was  made  fast  in  the  negative  glass, 

At  water  dtminishc.-l  in-the  positive  glass,  and  increased  in  the  ncgati*  1  , 
jaMOg,  apparently,  thai  the  motion  i  the  i!n,-  1,  v,h  n  hex  10  move,  WM 
■  it*  reverse  direction  of  the  current  ol  water. 

uterine;  some  particles  of  dual  upon  the  surface  of  the  w; 
oa  soon  perceived  by  tbcii  motion  1  that  them  were  two  opposite  ... 
pa«j;  beiwetm  the  Rlassc*.  which,  judging  from  th«  action  upon  the  sSH 
Ur»ad  in  the  emire  of  the  column,  ia  well  u»  from  othe:  ndica- 

11  h;-  1    ui<  1  ntric    lln    in  i*j  ODJ  Bowing  CrODI  ■irg^live  10 
1. 11.    (urn  ',..  I..  1 ;[),,  ■   i!i    I  which 

*»»*w«n«-il  ti-  be  tl  urxent  w.ti  mil  1  arfied  over  info  Ll 

itasi,  of  the  poMtivc  one,  and  then  the  water.] 

.  as  belorc.  in  the  negative  ^i.n^.  diminished  both  I 
positive  ji  i! 

•uccceded  i 
water  to  pass  berwe  iocs  without  the  intcncntion  of  a  1 

18 — t 
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several  minutes,  at  the  end  of  which  not  pcrc- 

place;  m  the  qu'armt;  .or.taincd  ia«l 

o  currmi 
not  retarded  h-  tiono/uctl  Ur. 

uccccdcd  I  -/*cujj 

..  galvanometer  between  :»>'  .  ifl  m.ikxcg  juq 

mm, 
*£xtrnordInan  u  Is.  the  penvej  of  the  i   ■      ■  inn 

tlii-       III  :.  ■  '  .     ..    "IH.li.if  .i|t|Miitii- 

■  ectkmof  Mi.  Armstrong,  and  smt ont  i 

ii     ili.     mi  ■  nine,  tii      '  ■.  inch  13  1101  lil, 

M  (In    Polyl  chnx    Institution,  Mr  ..he  introduced  certain  ji 

men i s,  bu]  '"■    roi  h  hid 

those  parts  of  the  appar:  r  n  re  immediately  concerned  in  the 
the  ah  npcrtun  i»n(!  the  condensing  p4pes. 

io  be  a  matter    i 

Ing  1         .  so  as  to  obtain  the  m 
If,   Of]  llr   trie   i|  water,    then   two 

will  ( i)  .ii.    each  i  the  eli 

I .  oi  [he  1m  I'm,'  current  of  3 
thcvcliiiu  oToffliuc,  nnd  it  enci    roi  :-'ii,  to  hedi 

and,  ||  ■•jeeted  st< 

races*  of  molltu  . .     lal     I..   *r  proportion  ol  ricity  mnnif 

■  .IihmI  i'i!>  ponding  proportioa 

■npositc  element.    On  the  other  hand,  ii  the    [uan         A  water  i* 
i    I,  then,  lUnough  each  partii  a^  to  the  fullest  cins* 

the  cflcci  :     ren  l<    cd  <i  ti  \t  ax,  in  con  msn  ■<<-  lent  number 

aqueous  panicles  which  under]  on. 

"Inilu   Polytechnic,  rieaauion 

liihc  |  ia  r  H'c.  :    rj  ttxtl  in..!   .in  ;    .mil  wkcii  llir  dc 

rm  m  the  boiler  iadiminishcd  rapidly,  ■  I ■  * )  ml  down  »«li 

rapidity  to  condeiUK  ttic  requisite  •|u<tiitity  oi 

in  tlir  American  mat hint    Mi   Arrnatroryj  ad  pud  a  method  of  condi 
by  the  application  of  cold  »   tei      Vi  nnberof  cotton  .<nr*utj» 

from  each  condense.  b  ■•!  water,  from  which. 

.iiu-.i.  i;..u.  juK  ft*  much  w«tcr  wi  id  for  the  cool.-- 

pipe,  since-  it  was  easy,  by  increoBinc  or  dimi 

to  increase  or  diminish  the  supply  of  cold  water;  and:'  dot* 

down  ihd  temperature  proved  w.,  effect  n  ■  ■■  •<   three  tim< 

of  y  '  re  before  u*ed  could  now  be  employed.    TI  cs?  i» 

1  in  in  machine  was  140,  ran#oJ  in  two  horizontal  rou".,  o 
other,  on  the  yasne  aide  of  the  machine.     Th»    ip  rkj  obtained,  ihoatj 
Lot .;;.  1  than  khovc  upon  tin    Lond  '"  machini   wfira  i<  *IihkI  in  the 

-ded  each  othei  with  three  01  four  tun.  1  th       rp 
unfavourable  eircun  rli.ir,;.  d  .1  i.i->di-n  hottery,  consestinj 

containing  33  ft.  of  coated  surface,  t"  the  utmost  decree  thai  ta*_ 
cuuld  bfVi  upwards  of  sixty  times  in  a  minute,  being  cquivatar 

1000  ft.  i.f  coated  surface  per  minute,  which  is  at  least  twenty 
greater  (mm  the  utmost  effect  that  could  be  ubumed  £10111  the  larger 
dectrii  .ii  machine  ever  constructed," 

The  Polytechnic  appuratu»,  itself  unique,  enormous  and  powerl 


TH. 


1  imrj»o*r>  <»f  th<  .  *trirrl  nb 

■ 

>t  small  *«:.ilc.  all  ih  i«  oau  «i  be  vtatetfcd  v»:fli   in 

cope-  '  *rtb  5tt'ut  C^**  '■'• 

4 on  j  disc  of  s(.  ii  provided  rata 

k    ■ 
"  ii 

vteain 
kcrvwcd  on 

n 

Obey  of  the  furnace    i  ut«nge*i  \hn  ilic  portion  conn 

^^Hlhc  (urn.ice  could  hr  mi  ■ 

.... 
bul  were  scrcucd  on,  (ho  hf>t  stop.. 
»C  the  charcoi  1:  tod,  i  4  eon 

Ml  of  :  ii  .1.    i    - 

(•rater  rnpiilrv,  created  a  steam,  and 

rated  «  dang  harm  la  thv  oth<  r  i  Ii  di  cal  i ■■  i  i«i  Pt 

&/  A-ll   •rims. 


i*J^ —  \pp#rot*jjor  *A*xriM/rtA     ! 

•ecoppcr  boiler,  nfrty-valv*,  copper  curved'  hoDou  ball 

•  enables  the  opcmi"  lo  rwnovr  condensed 

.  rty  ihrtTctrrit   fluii 
•  c/  bud  pet  rind^u- wood  (Fin- 

]  li.  ilntti  tl  [me*  '.■■",  *how 
. 
n  a  utoal  with  sirong  class  lops, 
Uc 
7fcc  operator  muil  remem  fa  v'p  a.  sulttcleat  quantity  of  d; 

fjir  iHiciecn  of  ibi  .»■;  It  thauta  be  regular!]  Mated  D]  Ate  un  I 

r.'.  H  liv  i: 
£ltnnc"  i.iepcndcnt  of  oil  CJtrancout  suppon  bf 

law  fret,  acre* 


aUtfe  ;ili  1- ladles  trracli  Ukniktf  tb»l£l 

lU  Mp]  >£<• 

'[>ie  boiler  being  iaraUted,  and  .  up  to  a  pressure  01 

wit1  milIi,  a  ruur.faci  hi  in  .*  ttnj  be  pcrfan 


•" 


(  <f^y  atcmi  p'  ">,   -*n:l    «*t 

the  gold  leaves  of  an  electroscope, 
he  coppn  1)  ill  k  now  purposely  cooled  a  little  t»T  pouri*^  01 

.in,!    iripIyiiiR  a.  wet   tl-.ni'  '  to*M  eundeart 

vatcr:  and  now,  whin  lb  -V*** 

... 

The  handle*  ol  ih  :'lt  a\*ond,0i 

tin    op  rat  of  will  hi  -  eprainy  -*n»\  thstsari 

in.  The  *  i  ■ 

nib  again »t  the  h  naand 

that  friction  is  tl  md  not  the  rrert  ehanjrt  i 

of  i  the  iteam  r.  nazia] 
t*  negatively  electrirl 

HI.  The  steam  be.i  to  50  lbs.  on  the  v^u-ue  Inch,  the  electric  »fc 

tin    infl  '.tic  ctiai, 

m  lie  .lisjil.iy-i!.  tlw    UoiVf  Jinl  ifiean 

■ 

IV.  Altering  .iu-rtiMiiii;.;  fluid,  by  fcubiii(ubJM;oil  fat  the  «..■  •c^t 

of  oil  of  taraeatff 
the  upper  stop   ock)  —  mgts  the  «atc  of  the  el< 
lh«  boiler  from  negative  to  p 
nt  ksuk  the 

thus  expose  a  different       1        ognuut  the  rubber,  •• 

tun  ridge  9 
u  electrical  exaltation  11  destroyed  for  1  time  b?  pvttini*  a  inbuotd 
common  salt  into  the  copper  Rtobe,  because  tfee  p 
arc  then  m  mil  uL^ikthrr  - 

lh*  be*  1 
piece  of  sealing-wax  with  a  ddinp  flat 

1  ■ 


rturti 


:lluJ 


>t  ti.rdomptbn 
hi 
VI,  1  will  noi  1  ly  vhilat  ru 

tube,  inn  a  easil)  ppef  lul*  u> 

hot  *s  posxbte,  sxd  then  alloting  the  f. 
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ft  filCt  Of     ill  10    rub   OgOiftM 

the  efectr  ut  if  a  litilc  v 

b*  wmitry  purtidtt  in  i  iceri- 

»fi!'  ly   :*  produi c<d 

MVMJ.i 

lis  .hi  niMi!.ii<-il  ;il  'i  'Min  '  ipaulc  li  ig  «ata. 

. 
can  be  rendered  evident;  if,  however,  .1  piece  of  ted  hoi  chSfOOft]  U 
pii- 

oponU,and|i  ion  i»  sufficiently  violent  to  CM 

pirticles  of  u.iter  to  tub  against  the  tides  of  the  capsule,  then  dec 
climlooi 
i:iy  bo  concluded  that  evaporation  uoatteadod 
n\  the  surface  of  the  ocean*,  river*,  nkn,  i*  not  -i  source 
ituR  i>  obtained,  arnJ  ««■  :uu 
c  for  ilx-  explanation  pf  tlie  prodiu  tucrwal  dec- 


U>    lilt  LAWS  Ol-    l.l.l  I    IKICAL  AC<  UMULATlON 

•.-'.it      WrShtn  iroujjh  thr  iii:.|iiii»  im  w  ll.in 

caieny, iiw^nci  Itomaki  therm 

•laapuiatcdwith  the  Kins  which  relate  tuina-ona!  etcctncirjr,  a*  they  will 
■*lw  reproduced  in  more  aimpIiCAtrd  f<>;  ...  proceed witJ 

■MBBideratKin  of  i'i  U  well 

•Arjic-J  f-  old  be  icqu 

I    K«pci  .i  Inch    urUte   tl 

i^vofancl*  irvethrini-fliacoppvi 

... 

llli: 

aiv  ...  k,  !.,-  mon   p  lionaJ    Lfuf 

btne-i  ojufA  ••:  prool  than  (he  Pnokllnjan  tin-"  v  th.n 
the  i  il  only  ;  ;i  nil  (h  in  idea  t%  furl  he  I  I  reported  by 

with  the  Polytechnic  hyen 

li    i  i  u  5 ,  p;  i 

Il  r.ll'.T. 

Ill  Tbrn  li  ma  absolute  afltcrence  bc*«  i 

:  but.  in  the  former 
i*4»  only  so  lot 
Utter,  a«  mi'  id  resin,  the  pol.m:,    ■■'   Of  k  DlMRtai 

■ 

brought  |ii«11'1'  *nc*hi  I 
. 

U  pre*  ion    Us ;  -:  '-vses. 
*-t'..-jI  in-,  unti^uous  pii' 

parti  led  gfcua  and  the  cap  ci 

ppoved  to  bv  in  a  polar  Mate, 


ft* 


/uc/rr 


As  lonjj  as  the  particle*  maintain  their  p«  I    f%rmlatMm  k 

l red;  but  when  the  panicles  discharge  themselves  one  Wo  the 
then  .1  ncuti   lii  i   oa  occur*,  ten  the  non-mal 
ion  i*  calk  I  "» 

Even   1 1   uaday  cuuld  occasionally  write  va^iely     I  ■  i*  sotnetamsj 
I    la  lake  the  epitome  at    t  |il  plkiii*   tfcrin^k 

.irul   ihii  want  .   >1j    •  ippJii 

i  i   ..r  II.  ii|'  h  L'ol  don  : 

•■  \  p  to  in.  date  "< 

pposcd  to  'forced  body  upre 

other;  at  n  distance,  in  straight  !incs,ili  ffl  conchict.ns  mete 

ill-.-  port  Idea  i  turned  to  be  unalfeCMd         I      h  ha* 

vn  induction,  on  th«  in  of  coniijjuocs  pas- 

■    i  ik  "i  pcoi  'i  curved  U  loto 

Iclectrl       phi  j  I  x\  inw  in   • 

Ofafint      •-.i.tiil.  i  ul  run!  line;.'  il  prim  pic  II 

>     -I  thxt  the  i  I 

liy  t lie   mat  li.iiiu  ,tJ  prtMure  of  the  non-enndudintt  air,  m 

■  ihu  the 
electric  force,  originally  appearing  at  a  certain  place,  a  propi;  u 
to,   unl      :  i.   iii-i!  ui,  ^  (liM.incr  through  Ilu  :  the  cot-   J 

tigUOUl  pMtidcs  of  air.  each  ol  which  becomes  polarised 
ease  of  insulated  conduct  a,  and  dp 

l>  ul-, .•'.■■.,  ill 
exactly  equal  fa  amount*  but   ppotii    i        directions  acid 

VI.  Electricity  a  found  [ in  the  lur 

conductor — a  mitur.i      i*(|iii  n<  "  i 

i   vnt  c  in  f i  poin 

if  i  to  in    leettii    1     hargc  is  com  <  med,  !■ 
el  i i»niij:»if»n\  |i.irti  ||  v 
-  li  was"  says  Daniell,  u  ij  an  ippai   i      co  ■bob*" 

■  the  elcctrophoi  ih.it  I     ratlaj  brmi 

•  :  i       '  n.  tj.it  ii. n  ■ 

place  invar!  i  il)       rough  the  intermediate  ii  ■  r*mmt 

matter,  wo  il  id  I     l.       ■■  i  u  tl.  n  t  m  tin:  ilu 

Int.-    <.;.!•.,  .i .  li.nl  .ilw.iv    ln-ri  .i    uiTK'd.bul  >n  curved  lines. 

"A  cylinder  i|  wild  shellac,  of  aboul  i  in.  in  diameter  an*: 
length,  was  Axed  in  .i  wooden  foot ;  It  wj 
ji  iu  uppci  i  ili. ii  i  lir.i-v  bal 

i  ,     Ii  .ii'  ni  the       ni         ..... 
h)  (in  (urn  with  «  n  in  it    iii-I.   i  !•■  i*»  I i.i II  h.i-  pi 
then  the  wholr  Hrnin^rrnrnl    -uminn)  In  tin   .  irrici   ball   «  jnow 

plant   ■■  "i  '•<  nb  ■■  clei  tromi  tei 

carrtei   ball  was   applied  to  various  li     Ik   I     the 

ilxtcd  whiUl  m  a  ni...  r,  oi  m  position.,  th 
md  the  charge  of  the  carrier  examined  as  to   ts  n.itu: 
•'i  i  mrse,  whatever  general   K  i    ilu      i      ■      quired  man 
when  Elwai  unit  th  n   n  ul  rajnjed  en  ronrrd 

from  that  place,  and  the  distribution  of  the  f 1 1 

.  cm"* 


i,  n  t 


rrUiuri 


n  from  the  ball  in  this  *■ 


fMARY  OF  A 


4js,orofUic  nuactrr  t 

the  Uc.    Wbcn  the  contact  wa*  nude  *  th. 
(he  measured  degree  erf  Un 

■ 


■  . 

■ 


■ 

■   t  tic  *',i  »frf>rm.  ittvrSr 

■     ■ 

I  •!  rll  ||      |-l|      «  tin  h    U"»* 

.      .  |       ..■ 


The 

T      |»IMllM||.     Of     UlC 

riiicrH  win  $|  I  n 

1 1  ■  : ■  ■  ■  ■  i    • '     i  ■  "I  •; 

li      n    ugh  000*. 

tion 
..    coi  -lid  ii  t  ther,  if  rausl  w  ippan 

kuul   ^  mi  i    ,  whu:h  aii.r    insulatl 
i  --  *    « 

1 1  ibtc  resistance  by  meant  of  an  »\  m 
■    ■ 
oeir  oiitiitt  tin-  nitn  :  m  thrill  li 

;  rjni 

ii  U-  lilted  Willi 

i  ccrtail 
:  »pici 
tad  th 

nccted  with  the  second  Inurnment  Lhc  latt 

been  .-rimentt; 

Vld  ihu  --.un 


*S; 


eli  'try. 


ball  and  Coulomb's  electrometer.     The  inductive  Apparatus  > 
effect  a  Ltydei  jar,  with  the  advantage  that  the<  .  rep  re 

:n  Hk  I   ■■■  by  class,  could  De  removed  at  pleasure.  -*-rw 

ubftfitnud     With  tlii^  upUMM  Faraday  determini 
LnduCtSl  I    pO«  ■:     Df  ■'  number  of    subsume**,  caper 

b.w.  bl  ■  '  i  If  ndwJ  and  verified  by  Sir  Willi. .1.  Km. 

Air t 

RiQtJn ITT 

Pilch 1-80 

Hceswax 1*86 

Glut.       .  .  i-ojo 

Sulphur               ...                  .         f<H 
Shellac l^> 

All  Ka*e\  whatsoever  may  be  their  na*ure.  Have  the  I 

iiuli:i  in  e  p abon  in  the  moim 

ordciiaitjroJ  1  in-  cue*  aflciti  the  unibuniity  ol  lUvu  pn 

■  rpect 
VI II.  Electricity  stored  in  a  Lcydcn  Jot  can  be  measured  into  u,  if 

•Jry,  by  ;i  b.Miitiful  i:cintriv:iiicc  of  H.irir.  CftlM  (fat  unit  oral*. 
).ir;  i:  i^of  course,  similar  in  principle  to  line's  dischar,  D 
meter,  page  261.     The  unit  l.cyden  jar  is  a  very  imalJ  om 
noufitn  aw  rod,  tb*  outatd    u        br*a*  cap  carry  ioc  I 

rod,  which  it  placed  at  any  required  di«ance  from  the  wire  u 
eOmfalfl   from    tlM    ulterior    at    the  uiimatui-.    i.it. 

Fn&fcuniao  axpcrimcrjt,  j  >.■>.; •- 

of  the  unit  jar  »rt-  1 1  the  inside  an  NpiEvaJett  propor 

rttrcoui  [ectrii  It) ;  and  directly  the  charge  in  ihe  litta  ras  i»c 
cioat  intensity  i<>  break  through  the  interwunj  •.%  ol 

discharge  -  '     1     u  ith  the  usual  snapping  noise. 
IX.  With  Harris's  una  jur  (Fig.  200)  fend  u«lance«  the  following  fact 
been  ascertained  ; 


PlO,   56o.-/yrffrjj'.r    (•>//   ?tf/-. 


1  ■■oft.ti.Mnf  or  'h#iWrinnl  midtlnc  connected  with  tbc  nut**   rfU 

"**    "'"  'H«  »  iitpr  W-»JoiHf.  ewr?  iinw  the  ..r'- 

*    "■■  "'  ■ ''**  4HMU11)  ..I  cintneal  f.irteh*>  |ww<il  into  il.t  Urgri  ■•> 

1 '"   Utmtf  Uie  charged  surface  remaining  canftunt.rae 
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**J 


he  toUnc:  (see  pare  211J  increase*  .i>  &Q 
suture  of  1^  man 

Uirm  nd  the  distance  between  the  discs  ilt( 

the  attractive  force  vieics  inversely  as  the  square  of  the  distance. 
Co*k«iV*  hi*»,  already  dct  onl)  be  r.  -..  . ..  . 

»ben  they  art  conhneel  to  eWctrwcd  molecule*  01 

4£un  repeated  here  tor  the  sake  of  the  nud  nay  wish 

iflMi      First  Uw.  "Twu  ilcanccd  IkkSic*  .itirjLt 
arid  -.    ■  .  ;iver*rly  p  I  to 

the  viju-i'  e  th.ii  Kjuiate*  them." 

Tlir  force  with  vhu  h  l  m bodies  1 1 > al  p 

■,il  lo  dx 
by  winch  they  are  separated. 

trlou  ftCCumuklLOB  may  take  place  in  various. 

1.  By  c 

2.  By  disruption. 

Itu?  hr«l  la  the  mo*  wnple,  ta  when  *  bra**  rod  to  held  in 
taxi.  upon  the  conductor  of  an  tta  b  ■  ■■■  bios  in  ful 

The  second  inrolvta  the  charge  ttl  I  thell  ilir.pl 


.V. 


IQ  s£i._ a  Cum  tir  ui  i*  m.>tt»*i  frtm  tkt  Etuirk  V 

iVr  "<'><•!  «ir 


»*nt  in  a  end 

ilrjjrrr,  x\  nith  a  \\ uu  he  ui    orCJnifllnj 

i  thin  I  -huh  has  been  too  highly  charged. 

The  third  is  special  and  pcculi.  motion,  it  is.thert> 

fcte,  called  a  '  ■ 

a  l.-irjc  copper  boiler.  J  '■  10  a 

fcm  .  mi  that  which  would  product  h  or  modentu 

;<■.      A   br.i  i 

bj  a  silk  thread  and  heJ  I  the  boiler,  became 

■ 
would  U-   with  .t  li*ht 
iei    iiv  .  .n  io  the  nearest  con<~ 


roc  iLsttttor.  At  th*t  uki«  by 
.     . 
into  a  bruin,  by  preventing  lie  ■  ttct.Iso: 

ML    DU 

III  |  ■  r  i  [    ilu-  ri 

.  ! 

.WhI     ihllH 

lib    U,  :.ti 

■    ■ 

ilkcr.  and  ih:  rca 

■  careful  protection  '.  *-k\;> 

ccoda 
:hni  ail  <: 
*purit*  are  predated     1  U    >i    Ur.  X 

illir-ii  Mc  tin*  uo 


Charge  > 
Irngth,    .'  •  •  i"  i 

i  Co  tli a  outer  CO  ling  by  bringing  tltc  UiIUa 4  *• 
ili^unccoi  each  other.  I  arrangement  a  per 

. 

TpC*)C(lb  ' 

'hKharge  to  its  passage  alon  rraoua  coefectkv  ■ 


/''■■. 

iM  dhlttiKd  on  l he  dl*  u  rh«  lol, i, .  | 


iLTA  kLVANIC,   OR   DYNAMIl 

ECTRICITY. 


m  tears  ciute  run  unU,  ind  uking  thing*  in  Ihctr  ri^ht  order,  to  com 

r  I  .ration  t>! 

lurily  diKov<rcd  by  Gafcani,  who  Mcertsincd  thai  b  e  Ok 

reccmh 

... 

rartal*  m  coata<  J.  %b 

I'rrcd  evident  by  the  (rog^lecUovcote^  the-  linitn  being 

ttnaht  lhal  tl         nv:    "■     •■•m    '   -  of  MI  Jmm.i  ■  in   i 


M 


stlesU  inrJ  only  Jt  the  men 

far  two  oppwMic   fui    .-*   ruJ»   togl 

*OOQ  nliown   thit  t'...  were  «l"r  lo  tr»e  H5rtt  of  ;t  v.nrrti  i 

when  the  two  met  ah  touched  cacr. 
prewTicfii  <l,00OUtii  --cCmti 

•  hi''  :!  4  ln»E  would  a*cv 

•  as,  ui  short,  ihc  oxidation  «.f  win:  that  produced  the  currd 
the  pftpLiTol  Hmfaso              '  represented  only  the  doctroccope  I 
ihc  elei  :rii  il  di 

The  trial  CxK-jni.  in  *  RtW*  Cyclopaedia,1'  «tttc- 

born  in  17  -,. 

-  rev 
■  .vM  fcf  I 
^.ud)  of  1  «'  Ife  [nTM 

■ 
-ini,  who  received  him  into  hit  hotoc  u  1  daathfcf' 

na£c.     In  the  yiiir  1701.  i  ig  sustained  in  inawtfuni]  : 

OatihuO  he  ',  Bologna  ■ 

reader  in  anatomy  to  the  Institute  in  •  i/xceilrrHC  rf  to 

metbod  of  teaching,  he  obtained  crowded  audience*. 


6 1     r*  ■  f».  pamt  Fhjg'j  U*tf>t. 


Then  roflrlWJ  tin-  ate  w»ip  mad 

mrndc  I  to  ro,  «■ 

oddcntal  d  tl  ;t  thi  U  new  01"  tl  affi 

o1  a  scalpel  htUi  m 

.  inddcoU'"' 
il  wai  performed  many  yevirs  before  the  .  ilv-m.  m  tl 

of  the  Grand  Duke  of  Tuscany,  bv  in 

Hi*  in -1  .  printed  ' 

ti  m  .«t  u  OV  !•* '  <■** 

Coin'.' 

bola  in  luly  and  othn  eouatrin  oft  wire  rrpejtni  ■•* 

.  vi  nded 
In  <  in  with  Ua  phpitola£ieal  i  «-#*" 

a  1  and  his  cmplotfrifnt  as  a  wirjcon  e*' 
rwua  ob 
hearing  in  birds,  which  were  published  in  the  msauxrs  ot  the  Lnsur*:  - 
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Irew  op  various  memoirs  on  professional  tOpft  a  have  rc- 

k  recuU/ly  held  teamed  convcrv  .1  far  lamry  friend*,  in  whjch 

.  i    1         lanoffi  no 

pOMOMtd  of  BTWW   vnol'.lii . 
1  his  wife,  in  1790,  threw  him  into  a  profound  melancholy. 

■  1  ■■!  rvhgion  remain 
1  1     •  ..ml  fmiti 

1 1  -  c  then  new  c« 

■public.  Ami  «  1  1   htt 

tclaneholy  and  poverty,  1 
ol*  bis  brother  James,  a  man  of  very  respectable  chancier,  and  fell  roto 
detril 

:;•!   »f  thai    <  mdUl  1    :uw*r4« 
a  max  passed  a  decree  for  his  restoration  10  his  protinrori.il  chair  and 
ssolamrnu:  bu1.  n  ■•  :st. 

,  IT98L    Hi  i  phSosopfa 

s  were  not  to  his  DVBnew,  the  1  rol 

%  inn  Ic.  del :  1  mi  icd 

Ciir  hi.  -.In    li  (i.ul 

this  purpose,  A  Mini  tra«  ice  and  Cngbu 

:y%inlo£i<vi]  ripmmi  Irani,  and 

pro»«  b  llc^prul,  in  1603,  that  thcr  presented 

■  told  mcdiL 
Of  x  very  cample  rrcd  to 

hrr  »ork.*    h  May  be  wfidlBl  hen    la   KH  dlni  maim 

Vu.  ■  i  Ited  by  '  mi  nl  of  a 

Iiir.trd  from  il".    nrrvei  to  lh#  mm 

1  tt»e  concurrence  01  action  ol  mel 

Klowed  with  -in  inherent  (!< .  tri(  il--.  appropriate  u<  thch 
w!i  ol  d  by  ihc  br  des  especially  in  Ixttf 

•» hich  it  i»  commumcatcd  to  every  pari  ol  the  body. 

>d  reservoirs  ur  .In  !i  ba  regarded  to 

ippo    ■    li  ctric  conditions. 
When  a  Itrab  is  willed  to  move,  the  nerves,  aided  by  the  brain,  draw  from 

trieiry;  4 

red  champ*  of  position 
'   when  an   Kid    in  ..liitu.n  are 

placed  th.ii  llu-ii  iifiinii  11,. »>  I*-  eiTcdcxI  tlirough  the  hubalana  ol   Ul  ■« r» r it»m1 

■ 
"votvoV  10  -  equilibrium  have  already 

■•.with  thr  exception  of  iheatnenarh  tn,  the 

ile  exlent  of  the  mur^ixmrtnlir- 1  ■  witniA 

iiieous  rluid.  is**  the  external  covering  ol  the  body,  the  skin.  1 
try  exhaJinK  j-  -nillary  ..ul.  1  ■  rfca.pt.  pubic 

TJ>«  ma«  of*  the  ;:ime  is  thus  pUcrd  btrwrvn  I 


llMkC.  *-< 

CWthill  Tit*  I)  >'f«. 


..i    ■       i     tiai    fcnd    Ihi 

■ 

Cir.i  I  ,  .'  .mi 

I"  -"*«d  «jair.  inn      utl  ■ 

■ 

Tht    -   Mi:. 

,       '■ 
'■  :-  • 


ft  i.i  iU  tmfa  vftinuxiflKa  *. 


of  the  cars  of  the  firai  head.  K,  is  wcQ  moitfened  with  salt 
iiml  i  u.;li  the  tcuifae,  by  q  itl< 

i  .iivu.-  .it'  i!  :>.  in  lil:  I  b  the  ear  <-t 

The  Mr  of  .\  and 

■    . 

i!n-  |HV|»|i  Hm1|  K)  ill-!  tKi-  |x  i  r 

MflJ  i"  :ol  «*itli  its  rornboj  10  from  ih> 

ivliii  li  )uil  I*'--:  pi evi 

he  CM*     IT- 

...  ■ 

I'r   Will  <  <t  the  irrilabtc  muxlrj  i  ' 

in  $6,00 

.  ...  i.  ;     . 

1ucovtry,#  a  pcraoa 
Sulucr  B»»C  an  it 
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i>*ccof  lead  and  lar  piece  of  silver  belaid  together,  and  the 

ih.  be  brought  in  <  mut                                       to  perctt v*l  viniilaf 

t  of  vitriol  rf  r..i  ...  lie  wnw  time  that  the  metal     pp  rdMparztdy 
no  effect 

|ir  i!     !  ■■    li    ivr-    IjCCtl     «U T  pi  i^tl     «1    tllf 

At  thai  limr  thr  i&v/rj**-  •'/  .-»;»  •mfttoytd  In  /ijCi 

icladed  that  Mme  peculiar  vibration  look  placr  From  the 
uls  whi«  I  .  th.    peculiar.  .,  i.  ...ii..,-.  On  dM  lOQCUA 

uitticcl  with  this  explanation  ;  and  thus  a  prominent 
tihadilcpt  in  ob:  rathe  time  ol  Sulttcr  to  the  tlnn  el  I    ilvul." 

The  eicttatiofl  of  ...il«  .in:    electricity  i  bLe  to  chctni'  ■' ■    tion.    Ii 

been  Mated  that  the  comb  iition  of  a  piece  ol  ■  hap  oal  will  eUmh  i 

.  wd  t  hi  be  dh<  orercd  by  *  delicate  condemfaig  dectfe- 
In  r-jiv.iniL  eaperim  a  ■    *  tha  inttrumrnf  ii  required,  in  01 

1    ! in  His  ol  hi  01  ini   nctty 

1  at  imeni  adn  ts  ol  ■ Icriul  refinement,  u  wH\  be  leeai  preiently 

iption  ol  Sir  William  IliompiionVn  Id  mi   falvanametci  necdli 
niin.iry  experiments  U  in  ftrument  constructed  as  follows  will  suffice: 


/ 

FliV   too. —  Th*  arJimary  Gnlwuwmrtrr   Sttdlt. 

X  irifl  be  seen  presently,  that  ft  lingle  win    conveying  an  electric  cunrnt 
a  n  ■    .!!>•  to  In    .!-    Icrti-rl,  .intl   to  take  up  a  poatLiOfl   -it   nghl 

current.     Il  i  in  produo   i  li     dealt,  it  ii  clear  IaM, 

..    tn         ung  the  number  of  convolutions,  die  effect  of 

.in. I  In  eiiv<Tin,:  thr  wire  vsith  silk  or  cotton,  so 

>l  communication,  j  much  greater  surface  of  cfccuirUd  wire 

Sht  bO  I  intlui  tion  upon  the  magnetic  needle.     These  condil 

Up  w  remarkably  well  for  any  ordinary 

table  ctpenment:  it  con*.:',t;  of  a  nugn1  ;  rry  me- 

and  pl-tcwl  meidc  i  coil    1  wire;  "',  the  two  code  of  which  tenni 
*&.    The  whole  i»  levelled  b]  tl         1   van 

ctuefuUv  levelled  by  three  screwe  ■  "f   ipirit* 
■  ■  fine  wire,  ihc  two  ciuUol  which  .»«  bxoua^a  wfc 
iW71      13m  magnetic  needle  i*  made  a\\a\w.  sJauiaTo*, 
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jus*  hslinced't.  by  being  connected  with  another  BU^nct  c  needle,  ibe 
pule  dk  which  is  placed  opposite  the  sosjth  pole  of  the  other,  and  wfcr 
■  thut  un.iaccicd  by  the  earth's  marnetism. 
When  a  current  of  electricity,  however  feeble,  ts  passed  tair«Rh  the 
the  astatic  needle  is  <ku»ct*d  according  to  laws  «hkh  will  be  lolly 
in  m  n  Electro-  Ma^nisan. 


Tic  Vbj.—TA*  C*hxtM*mttsr  MnStifiur. 

With  this  instrument  the  following  experiments,  aO  demon** rating 

■  I   ■  •  1 1- mi  it  i  source  of  ckctrii  nnod: 

In;. i  «  xni.ill   flr..n   iron   l.idlr,   well  scraped   inside    with    *  tile  tn 
metallic  and  not  .1  pasted  nirtace  of  iron,  are  placed  >rimc  crystal  • 
Ladle  a  supported  by  a  mpod  stand  above  a  Bunsen's  burner,  and, 
■rat,  :t  wire  is  -sound  round  the  clean  mctnllic  surface 
handle,  and  connected  with  one  of  the  connecting  screws  ot*  the 
and  the  other  with  a  second  wire,  bound  round  a  piece  of  bard 
**  would  be  ojsad  for  tlic  electric  fcsfi 

of  course  .ill  m  I  iflic  -onnectlons  must  be  bright  and  clear.,  and,  caVeoty 
thr  charcoal  is  dipped  Into  the  nitre,  rise  oxidation  of  the  charcoal  occur*;  d 
■  ■■■  1 t  tu  the-  irliarvoU.  and  enrrrert*  it  into  catboc.tr  acid,  ssfat* 
tb  the  TcnuininjE  po***<».  producing  curbonaic  of  ootash,  anJatfl 
some  moment  a  current  of  el--  IiIkt.iIcJ,  which  violently  afects  tat 

galvanometer  needl 

writer  (n>«  a  drawing  of  the  arrangement  which  will  always  be  ***» 

etTcctive  at  the  lecturc-i 
th*T  on'  nents  of  a  vohaic  tvries  must  be  iss  n  Squad  «"»' 

lyrumii  d  dtctricirj  is  desired  tobc  shownof  used.  ThJ 
ys  felt  \li— 1  when  coal  or  cbarccal  could  be  c-xi-ioed.  wd«» 


ry. 


j9i 


-  -J  tfc*  »T«fafcm  ti  «isctnr«r  %r  trot  dWlcil  KfM«-      a.  ««m  U4w,  <«nu.it<iAp    itn 


^Iraaoc  battery,  the  cheapen  v  bftVC  c*cn 

»af;  and  Ik  k*:  I  inum  tmt  i 

da  or  potaih  give  a  very  coot 
imcnt  repeated  rind  a  condensing  electroscope  u-.cd  a 
:a!  cidU'  pp  mtofl  don 

'iL*  id  thus  by  tin  ind  alow  burai 

shimul,  botl 

.   nf  flawing   ihnl  •  harccal  t»  ••  i1  limi^ 

"**  cixtr  twisting  k  pica  ■  < t  . . 

il  frith  th<   (owes  pltl  !  i  1  Ibl   ■ 
****•-  upper  plate  m  connected  with  ito    round 

^T»c  ch.ifeo.il  a  now  iyn  p,  and  it  blown  on  *ni 

I 
"bn  of  tfcff  t*o  pUtos  one  ;».  i   being  c  u 

leaves  will  be  seen  to  din 
.myrtment  of  Uic  nppci  plaw  of  iht  i  •  found  to 

Jtficarnt 

Ik  eqKffaMttl  .   of  com* 

>re  further  »  ippoili 

i  .;.<;,  mriii 
kfhlOttMiJ 

. ;.  \  • 

i        chemical   action  of  volt; 
agent,  but  txc*  mote  eha 
h.  bvdicr  evolved  by  dccompoiitmn   .in  .elves  at 


•-  i^rtrxru.  RwuchN  «  aunmiti 


by  MKfc*]  l.tM.f. 


7  Y 


■   shoved*  Hut  commofi  tfccii 

■ 

iceAmpfeu  f.  fee  hid  'm*»n 

X   OKbll 

•  c  paper,  ilun  I to  nor* 

i 

■  .»  vofcjuc  . 

. 
chemical  decompose 

"I   fir*  r.-H-acl  v.iii..-.:  ia  »h*ch  ibe  endi 

■■ 
the  cli 

ini   pr  d 
■ 

«  i  M.r.  dmi  ipfc  i»  .  and 

I  il  ;:i  Hie     niiitinn. 


it  and  effectual  -imtngemcnl  for  chemical  iVtf 

.     ,:■  i    .  |  .     .  hilt 

conni  >  i    one  oi    Ificte  hj   nn  iniuilAtrd  inre 

ItWi  ■  I   the  d   -..-h.ircinj;  trx:i 

i 

■■    .  . 

,     ■       •    ■     - 
....  | 

i 


iMi.f  tn 


yof.r.i/c  81 


*-as  nude  on  the  kIw*  with,  solution  of  sulphate  of  cemr, 

■  1  *uh  ;be 

of  tfce  mi  ixii  the  nuck 


Fie  370L 

>lf  mun.r  m1  hnli  water  was  rendered  deep  blue  fey 

*ikii*  of  iftdico,  and  *  lai^u  di 
■•o*  oran.  ingle  tun* 

**km;;  tff< 

.■kJBdwa*viiibIe.it*;  buc*ci  ;ad  been 

**  wW.T   the  UXOp   WJ»   -111: 

*A4ru|i  uf  wi!n  idule  erf  potassium  mingled  <-  b  wai    pin* 

it  /  aiiU  n/  oq  turning  tl 
*(■**!  *:*  «t  «. 

:1  fcrtltrr  .mpr.-n,-T  form  of  .  .  : 

^B*T  t  :••  be  experimented  on.  ;md  placing 

'  and  ir,  <•-  ..1    paper  returns  the  substance 

bang*  of 
***  wbW,  and  alio  1  of  contact  bei  iicdteom- 

J*  ci   the   utmost   decree*.      A  pi 

^**le»xl  •  of  the  iodide 

~  jvitli  certain  precM-ilont,  Is  a  mo  t   idmtl  ti 

■ 
Hoc  Willi    ()ic*c 

TttS  paper,  <hr  1 

0   1 
ioeew  wtofl  the  bod  in  rr.^r  r* 

evolved  01  ttc4in»(ti 

Niu«  c-apcr.  m.:i!4ered  in  ^lu!'  Vtiaie 

»  s^-'kly  rceideflcd  nt  /.     A  s*t.lir  pitec.  m< 

■  11  effects  of  a  similar  kind  tool 

. 

hirtj 
,  ■.-  tfall 
1  d*»' 
><ik>w,  and  *OTO-»n  alkaline  spot  appeared  ii 


*94 


Cr'A'fC/TV. 


"On  cornbiouji  i  r  lltn       witb  ip  'Jkt,  weiii 

both  with 

th*t  /  wsi  "i  the  litmus   unci  n  on  the  i 
machrn       rffii    d  to  *hoir  (he    vo       cW     t  the  forme  r,and  aS 

latter,  cuc^Iy  ki  tin  in. in-  xl  by  a  volta-elecinc  cur  . 

"A.!  Cfimpoiilioas  li  ^flL  ■•hcihcr  the  ctortnof 

mi    bft    10  the  foil,  if,  through  tratcr  or  throuj 
by  contact  with  the  conduct.*:    i        ipartts  there,  uroTidcd  the  sparks 
not  so  bug?  a*  localise  the  do !ti  iCitJ  W  pail  inspaflu  from  /to  i 

LOd  Iblt     ■  <  n  norwiontobcljcrc  that,  in  CJ*c*of  tnie  rloctro-c 
decomposition  by  the  machine,  the  electricity  pasted  in  sparV-v 
ductoi.M         ;  ;vp:irtof  ihr  mrr.-nt.  o  .  ■  more.  becauscof  it>  i 

(barj  tli..-  ■  ui  h       made  to  pas*  merely  n  a  rrjp>V>' 

"  Finally,  the experiment  ras  extended  into  the  folloaing  form,  iupyfnB|| 
in  ih  |i  at  the  d:!U-v.   iii..lo:-y  between  voltaic  c)ecl/»dl 


"Three  compound  plcccr.  Of  litmus  and  turmeric  paper  were  mni«<-> 

m  of  sulphate  of  soda,  and  arrac^cd  on  a  plate  of  fliss  »\th  pUiau 

The  wire,  Mr,  was  connected  wuh  the  prime  coodeoier 

<if  iIk'  machine,  the  wire.  /.  with  the  ditdiar.-  I  the  wire*,  t «» 

«.  entered  into  the  coura  ;.t*  tfc  of  the  piccesof 

ii.  ,l  pi|X-r ;  they  were  so  bent  as  to  rest  each  on  three  peons,  «,  r.k 

w.  .r,  A  the  pom  i       ■  .  ■:«    •      I  In  the 

the  three  termination*, AAA  tested     n  (fa     litmus,    mrf  the  aafl 

HI  I •     paper.      '  *  ii  Wo  J  king   tin*  liMilunc  fin  a  taBTt 

time  only.  cd  at  ait  the  j».»l.  »  or  trrminati 

the  el  the    olution,  an     nllt   liatthcoi   ei    pole*.  «.  a,  *. If 

I  the  electricity  left  the  solution. 
la  all  experiments  ol  electro-chemical  dccompoaii  nn   by  the  cwntMJ 
Bed  pa  pen,  it  is  necessary  to  be  aware  of  and  to  «ton 
the  fcll-MMii/  important  source  of  OfOI 

"k  passes  over  moisten'  turmeric  paper,  the  ftfl»* 

"<■  ami  not  too  alkaline;  is  reddened  fcy*'-:  lfi* 
■everaJ  ed,  H  becomes  powcrfullj  reddened     Iftteafa 

paiaulitr;.  .    the  wire  over  the  kurface  of  the  m  Istcned  popci 

Ismassand  mnittiirr  rnni  rjnduci  it.  'hen  the  rrddi-mnr.  e*tr»*» 

as  far  as  the  ramification*.    If  umlUi  rnnification*  occur  at  t he  terrais**** 
if.  on  the  turmeric  paper,  ibey/mv*/  the  oci  A*** 
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;»)>,  «bich  wovtd  cHbcnriK-  coll  <h>m 

lKfc,  '».  »i|l  .ii\.     ■  Dill*  pi|KT.       l!iJ.t|K 

lie  init.i] 

mi  1  l 

the  |*"i  f  icdi- 

rut    bC     ■  mtfc    tbC 

at  powen  ol  commoa  <K 

1 
;  the  carrc-  '>"  allowed  by  which  UM 

nuv  be  imduccd  to  past  between  tin  pi  Ltfa     wires  and  the  moii: 
,  chef*!*?  tii-:  it  bom  through  th 

referred  to 

'  -litric  aci'3  l»\  tin 

. 

■end",  p  rimrnt.     The  acirl  io  formed   through  mull  in 

t.  and  produce*  thr 
■ 

pap  r,  or,  b>  acting  on  the  iodide  of  pota>- 

■  a  very  small  slip  of  litmus  paper  in  wlu  mstlc 

i,*rid  then  p.<«   :  : !    ■  ..(f,  I  yradu- 

tilr*li  ;  ipor  red . 

und  tl  on,  And  Out 

per  or  «*ln  irned  in  ftol   1 if   Iodid     I 

om  offers  therefore.  nple   be*  u  til  >l 

1  m!    (In     In:;  i.  Iiom    the 

there. 

lave  already  had  occasion  to  refer  to  an  experiment  by  Dr.  Wollar-ton. 

.  .1,   otfa  b)  tu  tod  A01 

'^9  accuracy  ci  tfne  'he  la  c  and 

ry  eft*  ■  ith  cIjes  or  other 

kci,  And  u 

krded  poin  <1  io  (rata  '  thai 

■    ■      1    1  :it  fnnii  111'-  im.m  hinC,  M  ll 

,ar*J  tli*;  tun  •  ibting 

■rwee  those  produced  b)  Icelhclatt 

ire  rrf  liui  I.T   Wollnttun  him 

1  the  crTrcl  is  din'cr  1  bolh 

■ 
<»«  of  the  jalvAni(  pi  fact  the  resemblance 

xonplct*,'  3->i  decs  not  trust  to  it  to  cstal 
«»  in  his  paper. 

b  experiment  i*  r*  nor  lc**  than  ".   n  a  refined 

and  vroviouil]    '  ;     MM 

1   : 1  ulle*.     That  the  c*, 

l<jvtion  '5 


1 

■-•  eoinfci-nrv  tar- 
■  th  polcMmSepcntitoOf  of  eatfc  other,  uid  l* 
■till  bydroj 

njlufc 
decomposing  dependence  m»v  be  thourn  by  wbtsu  ringer, 

t  t!ie  uCkc.  tV» 
it  »to| 

i%e  sri  "  tl  few 

mm  ill'  •  •••« 

pnlii  .1   hi   it,   ftt    ■■*<•■ 
■ 
v.  •'•,-K  iigreai  rc.isovto 

■ 
intensity,  but  (o  the  qi  5*ofl  be  i 

offer  -  >  But  In  the  cipmnKK  «A» 

lit  ii  not  in.  i 

be  p..»$oi  from  the  machine  in  sp-.irk%,  »  I      n  ^onion  c*f  c«  '» 

Ctolvcd  ;  Dtlt,  il 

*■  Mil  .  b«  p  u  tctl,  th  i  .  «.  ict  free.   ' 

ilutiun  rif  *mi 

Of  git*  OOllli'     i'     )«  i><  n  red  CVCII    H  n'l 

'ily  of  rlri  triti  W*  ,n 

.ill  i:n 

*  1  do  not  intend  to  deny  that  with  .uch  on  apparatus  cormm» 

U  pTCTcr.l  [l  '■•  ■! ■-!■    I  ■ 

■.  genius  ofgx*  given  off  wni  so  *nwlM'  i  I  ■•<     4*otJ*** 
i  in.  '!ii  in  be,  •  w»J  bpdngK 

*n  the  •»  I 
-    ipp  UfctUt  fOUIt 

lilliDII   til    -i         ■ 

m»  * 
amall  th.il  on  working  lhcmjchiiiL  <ild  not  obtaio  ■  i 

;.  ft  mi  ni      ml.     ir  iv 
:■■  l.iiinj  to  the  amount    i  m  tc  cone; 

lobe  the  : 


i  have  been  themor.  !''"*«,*TJ 

ivcoccanen 

icrnlcal  U  lo-dcanc  and  • 

■ 
that  f 'i    V  .  generjl  cca.rl 

tTOftlh: 

--nl. 

and  convolve  the  animal  t>XVf  awd    *j 

«)t»»  may  be  <r>i 

of  the  o*h#r.   When  a  well 

ifoen  the  tu:u  *"C^^B 

good  action,  uiwl  I  ■ii'.w  «^itaA*' 


tongue  or  ihc  Rums,  ihc  effect  upon  the  tongue  and  eyca  w»» 

I  that  "I  "-int. 

'*.    The  beautiful  flail  of  light  »Tt..nding  the  discharge  of  common 
I  n  i ::.    It  nvali  inb  .  U  ii  doa  no*    i        cry  mud 

t.  the  liylu  fmiii  i   -  <  ■  I ■  ■■   electricity;  but  it  mdurvi  f 

ktafiU:.  ■  like  that  of  a  small 

.e  the  %iune  u  G  D 

1Kb,  i  i  .i.tlly    Hi"..  n  i.r.im...     h  .  i.  ■    .  i.iio: 

lith  ll  -"liaic  and  a  common  elcctncit)  spark,  if 

wtcri  amalgamated  nrfticci  .-i  metal,  oi  tottrvaU  owy,  tad 

i  fa  ■  urn         an  i  of  air." 

.  mi]  i  ircuH  ma)  i<  nriouajv  modified,  but  usually  oc 

,  two  lolids  and  one  fluid,  ur  one  solid  tad  [WO  fluid*. 
4r«  ir.  '■  I  phCl  Of  ■"■'    •••  d    MM 

acidulated  with  fulrturii  acia;   lb*  »econd  by  asin«lc  pl&ti  -»i 

h  Ii  immersed  m  suit  an<l  k]  the  other  la  wcA  nunc  add. 


K  >■»?»•.    Tin  ..,.,,*.  .i„,v>  il.it'. I 

ire  it  i  ■  rinc  fulfill  the  pan  <>i  tatlM 

"machine,  tin.  acid,  the  rubber  or  excitant;  ihc  copper,  the  cun- 


\ 


fsgwrtif  :<uei\c.  ,.tij***itJ m«r  rtc*  /'Arte  toAirA  *tt  Amwi 


ductor  Konctc,  il 

-ropptr:  *md  «»i.»  ill-.- uircs  atucfced  to 
un  brought  in  com* 

-cuii  cwrtT*c»  10  inl 
■  impended  over  the  two  plaicc^n;.  ;?i 'vir-,5 
.  ■ 

>  n  deflected  jura  IH 
■  i  t*;c  of  imi 
■■npcr.  these  compound  \>\-u »  forming  :hci>dr*of  '.hccdl 

icJd  n  poarcdL 

w 


K  r 


■  tint  virt,  ».  connccb  it*  pro  uJa  c onuii>i«c  ft?  Atow  MlptttAt  l 

In  Valuta  i  n.wii  .if  t  up. 

i     Mill    ]>).'   i 

i!    In:   jjioiIii 


H 


«%■  "<dtr<iwiriiimiiiMn<>nm<  «>»,  *  *r  »  «.ataft«rai 

Apia  wo*  line,  inserted  water  •  oa£\ 


volt  a  re  I 
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IvunVrli  l  commnfl 

lain.-,  •  .1  current  if  two  will 

toiaa  cither  *:«Jc,  but  mil  touching  the  mcul, 


(T\ 


.*mzj 


HI7KIC 

•  CIO 


»*u 


■  j  MtJkaffBMf  Trough. 

T\a  ■ric«i  ike*  Ok  drei«i  «tf  Ac  nml 

-ansemcirt  may  be  rar.ed  by  ptadv  a  long  strip  of  clean  oop| 

■  id  until  h  ■ 
injj  tolutiun    1    •  Iphatc  of 
tin  ;  b)  itt 
HAt.  i*:wr>  llu-  .  and  tlitu  the  < 

4^*r'  tin- Miluh  -.-r,  and  the*  one 

.  n,  il»t  dilates 
*jtv.  0,  covered  with  t  nj  in  inch    I  two 

ft*  let  down  quickly  into  if  hat  the  ju:l»  y 

jwtion  passe*  through  l he  appes  id  the  cxpoKd  wire  only 

connct  with  Hi'  I  copper. 

vfrr,  H.  t's  put                                 Iric  acid;  and  when 
n  two  win               it,  arc  bt"  ■    '- 

:    m  an  10  .    'd    bj  p  erj   n 

*  1-.  *.  \  1  . 

;.  .1   fin 

,  j  '  •  laid   ii:  1 ...   .       pon  each  other, 

'  wv  •  '?.¥:/  t'//»rf,  produce  a  cmttoi 

. 
1  ■-iTTKCer,  deeorr  de  of  poTiwaum  n cr^cncc  of  the 

.rf  an  cfcctrojcfipc.     Tli 

iuk*t.     He  found  tr  it  t  cl: 

-•utside  ot  'her  of  birds  m 

**be».  or  cuU-btacxki!  rqn  n  i-       ■ 


A„ 


■ 
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or"  copper  no  longer  produced,  the  living  th-ngv    the  torruck*, 

ftoatf&f  isfcinii, 
tod  passenger*,  'hey  impeded  the  motion 
fouling  its  coppered  Mdes, 

:?*,reprc  "ftiflc 

on  *■ ' 

■1  per,  acid 

01 

«. .    .. 
tJcd   ■  ffet  m  their  m- ■  tanucad 

.1  metal  u 
i  olpfemric   ■ 

iImc  of  iht-i  pure  metal  is  mule  the  opposite  one  to 
1*0  connected  with  .11  rent  U  obtai: 

die. 
siting  a  great  number  of  experiments  nn  the  probable 

pma  a  mi  the  1 

i  .iit,   wliiUi    ill: 

il      III     till-    '  ll     'III 

Irmrtil     im!   flu-   harcta   pan   eaaptx 

were  twenty  in  number,  a  bit  of  sheathing  and  a  n/itl  In- 
to took  in  Ih(  mi  lul  ten  read 

1  *-iter    Wuh  hanily  one  exce]  nine 

^  hick  the  rail  gained. 

'*  experiment  *nh  bled  nrtft  and  -Ate* 

nbc  •  •  tl  wuh.  thus  proving,  ua  in 

U  ■  bsoititcly  necessary  I 

■  IKhIui    ll'  'II    r»l    1.  Ml 

1  ..11  nifjinliliHj  of  HDSpl  in  fa  ■>  01  wturi 

t  batter)'. 
1     /"oil 

«  In  .li   the 

ined     tie  01  -es 

in.:  ill.-  01 
between  the  interposing  fluid  and  the 
The  rw  doe*  not  require  csen  the  pre- 

. 
,r  acvond  t»  <      ■  h  ooui 

g  between  the  opoositc  sui  1 

11 

iii/n, 
simple  and  ofv;iha1  cvperi  it  an 

nt  can  !>c  * 

igprc 

I 
1    '    11 

:if  potassium  and  n 
U'ben    the  two   iiwiaU  *ic    uUcui  ia 

J7» 


5« 


7V. 


the  ?loss  vessel  containing  diluted  sulphuric  acid,  and  the  cad  of  the 
pressed  npofl  it,  Iodine  is  liberated,  wliich.  uniting  with  the  starch, 
:i  pur  pi  in!  ;  and  th  i-  nn  < 

i-itscd  through  the  salt,  and  that  true  electrochemical  decotnpositto* 

taken  pi- 

"  AcmI.  are  tlir  Real  ■"  n  KXe  i  of  the  «nery*y  afforded  \yj  cbrniacaJ 
U«  mac  they  dissolve  the  tine  often  it  has  be  ■•!  to,  tbe  oxygen  of 

water. 

""Hui  ii  mora  especially  th<  :    .    :..  and  mm 

because  fifoaj  iirr./t  art  not  &i6m&ffsett  by  tks 
■The  nitric  acid  produces  a  still  greater  pal  bo,  because  th 

IDOtcd  and  Oxidate*  the  line  with  frv 

The  wi  iso  decomposed  when  this  add  is  used,  and  hydrogen 

always  evolved." 

Thi>c  view*  of  the  ratknah  of  the  action  of  the  u  \    voluic 

tery  are  nil  y  correct,  alihough  m  >^o. 

Th>  ■  ■  Lei  '  imldpaie*  the    ■ 

CtOVV^    ::     :    ■li:  -  ;     .ml,    indeed,    [l»C    IIUJIC   fiecpjrorf)     We   I  Ol    "ill    old    v,.      \ 

do  *c  find  n  to  disprove  the  words  of  Solomo  n. 

■  rv  ! "ht   v.. m      i.-maiks: 

"Winn  in.   Bavdf  arc  required  to  u  » r  »«m 

very  well  as  a  separating  medium.     Animal  And  vegetable  substances.  hoa- 
evcr,  aboa&d  waa  so  many  that  m  n:cc  experiments  they  wnoid  be 

object lonabkw    A  vessel,  divided  into  a  |  ambct   if  cells,  of  r<f/aVa- 

WMr*»  in  the  state  of  iracmt,  would  be  best  calculated  tor  these  ca  pennies**. 
"Tli:    vi    (i  should  be  m.uK-  of  purr  ,il.-\  and  pure  alumina. 
"Should  it  ever  Ik.  earn    U     M         4   manufactun    I  i  wparatc  acn. 
alkalies  from  neutral  salts,  a  vessel  of  wood,  with  a  separation  in  the  nmSdk 
of  auupfaaw*'  nrtki aiusar v,  would  anawei  wry  well." 
1  '■■   iwrous  rri  .   i  !    [inlinctly. 

The  important  discovery  of  u  ig  the  effects  of  single  totcnk  circlet 

u  da  1  v  \  olra  in  iSoo,  and  thr  Brut  apparftltu  d  with  Ih  i 

led  the  voltaic  pile. 
I  li.  apparatus  as  tu^t  nude  l>y  Volta(Fi£.2to)  consisted  ol  a  certain  ai:mtcr 
of  pair*  of  sine  and  silver  pl.itrn,  separated  from  each  other  bj  pi<  enefutsj 
cloth.     Hence  the  arrangement  was  as  follows.-    nnc,  silrcr.  and  wet  dcdi;  | 
I .  we!  cloth,  and  so-  on.  tcfly  silver  cans, 

.mi  tin  piece* of  cloth  beinK of  iuft«a*| 

this  pile  much  more  powerful  when  the  pieces  of  cloth  were  moistened  van  ■ 
solution  of  i  otnniun  salt  imtuud  of  pure  w  iter.    A  pile  • 
of  Plata  he  found  to  possess  the  power  of  Riving  -i  vary  \mart  shock 
<•■   hotol   uielectrfc     if,  and  that  thli  effect  took  place 

ion  wa»  made  between  each  end  of  tin-  pile,  and  a*  lung 
of  elol  i  r<  in    n..'d  moist.    An  ,n  <  ounl  of  il  i  <\\^>  ovi  iy  waa  ootn 
toi  uiy,  nnd  published  it   the  "  PhilOftOpa 
\V<  dn  ii  .  this  celebrated  philiHopliei   i  i»lt  nji   ..: 

nvenbon  of  the  pile  and  ascertaining  the  nature  and  extent  e*  » 
effect  upon  annuals. 

Mi.  uiuikahank  improved  upon  Voltaa  ..iip.ir.itus  by  cementing  the**** 


•  ■•ten"*  Ljik^iin."*!!. 
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16&— ?*/  VotiaA  Me. 

xinc  and  copper  into  a  wood™  box,  which  wai  tbeo  called  the  nWftQk 
uou^h.  Jn  fact,  the  trough  was  Volu's  pile  placed  horKontadly,  the  cells 
fcc^ng  for  the  reception  of  the  fluid  i«>  kaswcx  the  purpose  of  pieces  or  *et 
ck>th. 


Fir.  tSi.— B*&i*gi»*'j  improved  Vol&\  *Co*rvm  A  tfMMr." 

Ttoe  pLuci  It/I  in  aod  out  ol  tbe  acid. 


The  Inmrvl  Dr.  Wolbwtnn  imjirovrd  upon  Cruikfthank^  amngcnKnl  by 
on  ducting  element,  \i„  the  copper,  by  doubling 
ovet  thennc;  and,  in  fact,  surrounainj  the  latter  with  copper^  ' 
ly.    (Pfc  $8>) 

I    were  so  peculiarly  neat  and  compact.     An  apparntut 
fcssold  ..2i-2.\;, called  WnIUston's  cat.  ,COMuKlllf 

ind  double  copper  pbtc*,  movable  in  and  out  of  a  tnahop 


3<>4 
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....  .  ,  ■ 

mil  cci 


FlC  283. 

"    -  '•'»  p>»rn 

We  now  rnmt   ">  the  firv    it. 

Ricnii  and  the  choioc    -I   tiuii-,  which  originated   A-ith  the  \x\ 

icrsihal  e.  fitOttd 

ik  foi  him  i  xptc*- 

vorapbrucd,  but  can  rard>  be  tin  prove*!  • 


2JJJ. 

■  irr'fi'ii.  t'i-.ii't.  .    kfrttMffcttfMy. 

id  eraplo]  •  i'   batteries,  ■ 

noc  pUict,whi£&cc  -    >fci,irMl 


•  Dw»tf*»»wufcgi>— »»cj«h  :awm«»'»." 
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n 

[llllf.    »fJH-lt  1   ;l- 

y  tor-  rape* 

pnwd  '.  IheittAMAiti 

:  .i-.-irordin, 
\  mcmbramous  tub  *fuDci 

IL11 

-m  placed  near  the  top  of  the 


weodezi  en»vbar.  a  cylindrical  twi  of  amalgamated  jinc. !i  h  in 

;c*l  mib  .1  mulureof  8  pan:.     1 
li  itilplialc 
tfc  arv  placed   upon  the  : 

iIk  toluiian  tJaays  jr. 
ikilli  tlir  ».(inr  aciil  mixture,  without  IDC 

.,  n  t  tin   m 
■ 
■  mi  •   s  '  np  ■■ 

ch  1  mi  b 
art;.  H*  tuntcc  oi 

■  ■ 

■  M  mctaJ  ct'fi  tu   II-. 

tually  avoit  1 


J* 


TV 


of  filuituifii  -:  i;,   rvacwrd  by  lh£  deobi  in  \\ 

■ 
■ 

■ 

I  :hc  cower  cyfanckf  ft: 

...  ...  .  ; 

■ 

:     '■■ 

Hi    i!  ■  *ii    ll 

,      .In 

■      ■ 

•  howa 
u 

i  extensive  i 
ni  battery,  has  b«r. 

mi -km!, 


rov_i< 


6- 


I.. 


.  ci  filirn  i  ■!.•      The  <<< 
portii  n  nf  !Tn  ' 

.1  tV; 
i  fcoji 

.unor 

■ 

illcr  haw 

1 

•;.    "  .    Ily    « r. 

n  found  i 


i»4«. 


\'f£S. 


KMi  no  pororj  coll    *  needed,  and  il :■ 
.:iic*Uy  the  cl 
■ 
for  several  weeks.     In  our  luuery  the  gcncroimsr  -:f 
I  BBC,  wkitfc  II 

■ 
>lr  1>  <le  of 

Hie  > 

ill  in 
i    . 

ICMiilfU 

we  have 
■  - 

i  mcm  to  employ  a  m> 

dc*CtlDotI.       I  .f   Belgian 

h  inc  being  too  impure  to  be  imd  nd^nnt. 

i  mm.)  diame:  ■  electro  negative  cl< 

••  ctIidu'.'t  of  chloride  of  salvei  ■  :.••  in     .  <■  1  diameter. 


■e  projects.     -  a  (5  mnv'i  bvy-.iui  Qm  lui'iorn  end  of  the 

I  beyond  th  I  of  it. 

■ 

11    of  i    ■■     ulI*,  bycui  '  la  b) 

■ 

li,  n  il  are  uiuy 
b*r  i 

ting  ,'4u  -  [own  these 


joS 
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•  i 
rl  (he  bar.  bol  ■  •   >•£  im  i 

I);  pin  i  ■  ■  j I  Ui  m>  I  n  riij  1 1  nfimifi 

1  prenmj;  the  thumbs  « 
f  the  bar  etd  by  prewar  do* 

tflass  rod-  •  hed  on  that  p 

i 
of  jerking;  bfto  Jvaauigv: 


arc  cemented  into  die  Umc  of  vara 

chJondc  o!  lilver  itt  prevented  ■>    ig  through  Ux:  Wn 

a  properly  sh.ipcd  tool,  and  01 

upper  end  ntovhtehii    i  'Um  of  caoutei    • 

on  i)i  dement  to  prp  a  a  j 

Anotlu'f   ;    in  ol  .  huwci*r,  «*»tV 

m  4^^| 

i:      in     I      . 

.,.f     \        '      .   v      .  pi, 

Kttmi  ■  ■...!.■ 

(Mi.iiii.il   ! >\   im.i-.i  ol  •   -exood  e4 

■  ■    hp  tor  ma-  ■•  Wi. 


ii  : 


j  it*  bee 

fy«h  ■ 

i  it       .    ,        Ui      i     i      (■'.'.  i:      'Iir   ir:  ill,        i   Ii-  - 


■ 

is  »a  ril  •  arm 
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■ 

tbick- 

i  ■  •  -  .    -  -■:,  ol 

me  rodt  erf  nnc,  in  order  to  re 


■ 


anpoto  i  ilK   it  the      mi  ci  mil*  After  removal  of 

the  dilute  hydi  n  blarit 

;  trace*  ol"  line.     Very  hti 

i*nd  l>  <I  ..f  i Ik-  .-l<-<  trotytc                                  I , 

.  nl  .»  pl.it    ol  lilvcr,  covered  witA 
-  n!  putinum,  and  surrounded  with  nm  alternated  rinc     \\ 

<stOfl  IkiUu  ■        I  1  '    Mlvcr,  \\ 

•  .  and  the  jmAlipun..  :»•_" 

B,  Fij;.  38  lion    'I  W  ifl 

1  two  copper  cylinders  braicd  on  lo  a  foot,  tOM  to 
Inl  i    ttii 

.'  .'  a  IK 

null  he  uttd  .     '  civ 

.rnnJ 
I  copper,  vnll  soon   pus  through   Ihi    metal,  r. 

uruBcr,  ranv  tw   thrusi  th 

■-cd  in  preference  «o  aow.1 
ro  ihs%  particular  instance. 


jio 
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•'%  ■«■!■•»*«  t—w»7(rv.  «tin^ni« 


-i.;;  taixtrf.     U 
■   ■ 
■ 
blue  sulphate  ■ 

.it  placed  ■ 

me,  and  chloride  of  amn 
•Jc  the  membrane.    Ttw  Mil.  o 
The  ■  >).  M»d  iouad  ih 

lirtVi  Ukvig  cafe  tiui  M* 
added,  so  that  the  talis:  do  noi  dry  up. 

I  :  i   i  <I  Aiiudexrrutcd  t 

•     lii  <l<  iv,  nn<:  (il 

I within  I] 

wi  II  .itUpfrd  for  uuanlfcty 
irtnarkab:- 

All  ih(  1.  Kthot.  of  Our 

uidi  ndent  in  looking  pan 

rd  to  selection 

typft,  and  lo  i 

.,,,:.■,-,, 

■'.■■■■      II.    I   !(.!::■    |  ' 

■    ■ 

| 

lurpi 

It     ir.ii     '    .j  up     ..    h 

ckarn  rra^rictic  nucl  *■  n  (<-»   rrll» 

all  of  which  contain  dlfcile  Jul  !    '.  mafcne  a  *ui 

wtocn  -  ti    inform  the  .ibovt narae«) 


Ih.    ;... 


id»aniap«  kit  freedom  (rem  un-  hnyf 

■  . 

:    •  ■'    i  ■      ■"     

be  jiw.o-  >r\  !0  bichromate  K'iui* 

Pmu.'omi.v.\  OBTAINED  mom 

V. 

.  The  c4Wu  fifai  d!  «  ngor  in  m 

■tt*'i.  through  tfac  who!  •»  l* 

'irOMCfll  ;.n   ,.       .     ..  .  (n. 

■• 


<nic*l  <  ff>< 


iCnrn  Hi-- 


.' 


ECT&fa 


tb   '   lidity  of  th"  ndcr  tkconpotuioa  and 

of  conducting:  the  . 
'•Th  tpertntcou/' sa^s  a  dear  headed  rsndt 

th  ■  p  i'\  He    i  -  N'kfcol* 

.Vflcr  observing  the  effect*  then  already  ascribed  to  the  . 
ifijC  the  wires  b  end  of  the  column  In  contact  « 

'  ■     ■  .  , 

i  »i «m  1 1. ill    ii  inch  ■  loeach  end  of  which  >  • 

I,  ih.   ml..  -  ml 

rh:it  the  end*  of  the  wircr  in  the  jUm  were  ar-> 

1 1  r  pile  employed  conaistcd  of  thirty-ail  lialf-crow:i  muw>'| 

ni"  nnr  iivl  aboard.  thOR  « 

with  one  of  the  wires  in  the  tube,  and  the  silver  end  to  the  other,  so 
a  tt  b)  the  wifW  was  separated  by  the  water  in  the  lobe  pi 
tween  llu'in.    Ami,  rmofbubbli  I  :d  it  the  end  «f  ilw  wire. 

lube  connected  with  the  silver  end  of  the  pit-  -'&[ 

LhcO  ■  <■■■  ■       I  ■■      K  U\.iinr  Utf 

i.!iiu,.n,l\  Mack,    Tin  lob  ..r»<.i.  when  il  waa  ©biwr\ 

which  in  the  Aral        %  wWlelK 

m  i   b  ubbli  ■   in  II .  hod.     The  «r«r. 

''Ii"  mi    Rm    «ir.    COfinOCtcd  With   the  r:l*li| 

uniform,  csecDt  when  a  metallic  current  wis  formed  between  the  end 

pill-.  ii  ii  in     wlm  Ii  nO  ;..\  wli.t!.-wr  ;*;>j**  jr.-  .  thAttTBCftl 

metallic  condiirtorw-Asrcrnovcd  the  appearance  of  the  c-1*  n^  not  b 
there  was  an  interval  of  two  seconds  between  l  :  the  wire 

tance  of  the  bubble*.     After  the  process  had  continued  two  aad  a  rul 
OUJ       »  luilk  of  £»s  was  pnxlucrd  •  ■  ito-third*  < 

Eui  m  equal  bulk  of  common  air.  and  exploded  on  the  >fDU-| 
i  <if  .i  lighted  i    ]"  i 
•  I'!  ....  th<     >ln  nnmena  Ii 

d  composition  of  the  h  ng  that  the  hydrogen  si 

make  it*  apai  .ii.iiu  ■-  .it  j  distant  e  <i\  i{  in.  frntn  the  punt  where  the  owyX«»| 
rhcymadeth  . --m  with  a  lnnj^rt*hc,  but  reappear 

tf  gns  was  observed  at  the  distance  erf  30  tn.    When  Ih 
■    >i  Utmost  .nstead  of  pure  water,  thry  observed 

ic  end  of  the  pile  bccai' 
and  hence  were  Ice!  p  that  an  acid  wmi  produced.    TV  io< 

not  changed:  bui  e..**.  a.  uuuri,  ■•*»  r>\>1ved.    W: 
'"»»«<!  Qm  ii-  r  pile  was  in  the  phi*  «at<  of  oV- 

d  was  in  the  minus  state 

le  I      ■>■  1  •   -1  mrnl   b)  iascrting  in  the  !u!xj  of  * 
ui  uf  bra«a       Uniirr  llu-*r  <irrwr,v  .r  ■  ircsr*'* 

•  *.  bst  acitfcer  of  tbern  •*  There  ap  .  Urjff 

^ufroaa  Ihr  stJier  ertdthan  frum  the  j  was* 

:  Ml  the  ease*  were  ktoi 

•swf  was  found  to  be  h.droccn.  as  before,  and  that  U 
Ci«!  m»  pan.    Their  ttfoporticos  were  found  to  agree  with  the  eeoapoaeK 

jalwn  ■  1-iKqrjr  cm  need  in  the  decompose  ion  of  bodies  ms  fwtatf 


CiuiStsfcuilctv  -  employ  if;  i 

■ 
I  lc  alto  in. 

wirr  Wja 
fron<  1.  water    •• 

■■  rtl      '  ■    It  <l     n  I 

nod  in!  mlfa  Tin-  end*  i 
appenr  *'  «-M  of  th 

lw  other  »rc  babbles  also  Appear  :  the  iimc  lime  a  white 

vai  ccflccrcd.  and  n  the 

of  one  to  three.     The  wire  from  the  tint  crid  of  the  pile  was  much 

■     -i  .j;rt»  in 

i!  ili.it  tin  loud  tint 

"|    -.i|\  .    .  \ix*\ 
d. 

i      !  •     li.  Rlli  il   tl.. 

dmJkil  *.■-  nus.    The  appearance 

11  Lhe 

re  OOBUD^  tmin  the  7inc  end  of  I  -i»nc 

tie  the  4u  'ii  i  croduail)  lost  its  purple  tinge 

col  Bdtcpcr  blue      In  khort,  .in  acid  appttnd  to  be  produced 

-mil  an  .iIU:ili  =bout  the 

indcroen<  similar  change*  to  those  obu 

w.»  uxid.iicd,  and  where  wwo 
...  .. 

fciKll  the  *  ' 

imenlrr,  know  in]     Ihai   hydrti  I  state 

tube  with  .1  vilu- 
ceta,'.  d  that  the  hydrogen  all  c1is.«i 

the  metal;  bytfcii  meat*!  bi  ilto  obtained  pure 
The  wine  was  obsi 
were  employed.  tuiionol  muriate  of  ftinmon  ;. 

ted,  the  oxide  eambbted  with  the  muriatic 
nd  th*  Hqoor  afterwards  unelt  Aronigty  erf    nmoni 
i  lie  rnu-iute  of  soda  and  nitrite  of  magnesia  were  do 

but,  in.L.idul 

■       ■.   ;■         i         \    ■        lion 

»  *%Mh  legmdnot  bctDCSusceptibli  ol 

lie  |?m  wrwinitely;  tUfl  he  effected  by 

•V  *  l  lc«r,»-„  wh  into  the  form  of  the  kit 

I'iMCd  tkroufh  c  :.  cemented  into  the  ends  of  the  tubes, 

in  the  angular  point 

,  by  which  kdwnh  water.     Tl 

■f  water,  and  the  e  r  ends  of  the  wirev 

Ante  i V  ruled  mtooiM  Ky  of 

tktanaeaaito  the  other,    flen  rrd, 

the  n  pti  ■   pi'oces*  > 

C**!*-  i  the  fluid 


i.c  tube  wt%  op- 

i  .. 

-  tm£&>yt<}.     Many  \ei> 

•  txm 

which  th.-  a  pp...*  .mis-    .  ■  • .: 
II  it  was  shew*  by  some  cxpcr 

ot  these  1091 

;>-nt  whrrv  I 

suspending  a  pi  id,  tbeiinrftn^^H 

id,  it.  wixikl  ■ 

■ 

OfttUCfl  ■    ■■  'lltUM  pCML 

4        i;iM-Minn.       I  hot   thi*  effect  doc*   nni  . 
i»ed  by  the  lollowing  n|. 

Ol  HmH 
so  that  it  max  hold  water,  and  fill  it  with  a  solution  of  .1  acute  of  I 
lb<  other  end  insert  *  cork  toott 

.•*  «■ 
ucfc  place  i 
bladder  i%  ---gljss.  if  tl  *  4m 

withoul  '  he  gift**  be  !»■  >r   ■  ■ 

»  ...  i  id  be  i 

btibl.  ii...  ii  vull  ..   >\.  .  •   i  it    !  t  pUti  in 

"  An.  ml aa  toth.H  -t  -nocAJ 

has  t«cn  lonir  kno 

.    ■  . 
in  the  mid 
as  if  growing  out  of  in.-  much  rcscmbl 

M    J.  !lt-.;l.i: 

.        . 

:  reduced  by  th< 

'  tie  bul  !>;. 
Willi  .i  .ii  \\    In  ,iv  .  >.u     Ii    !l     .1    i . 

o    i  tth  J  line  oi 

II  ■  DteCC  Ol   .  ■  ■  id  l| 

wire  oc  to  bcnl  that  the  nnc  in  »;. 

nitrate  oi  stiver,  the  r»milicui*n  ;oon  app:-r  oo  ike 

That  tl 

tog  ihj  cxpcsTmcni  as  firft> 
'  is'   it..;.,  v    Oi    .in..!.'.  .•  oi'   silver,  the  i 

I    '.'I'.'l  «ith  'III  lli  I     Ikklvptr 

*'l  ■  hvdrogen 

•    •" 
process  is  kept  up 

■ 
:cof  hIt.  ;  ,   fimn.  **  i 

e»  of  in  ta  mpourid  ■ 
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I  silver  because  tnc  platina  with  the  zinc  15  already a  gal- 
he  theory  of  <*: 

■•  in  a  itiull  proportion  i*  di*  1  ;*  tar- 

p»ee<*  otf  r  [  »|j0  pr^ 

■  anic  comb  1  ortti  n  >\  tin  b  reduced  fan 

CO  whil  li  lh<-\  "V.  ..•,  gfnc* 

JI  cam  where  one  inrtol  1» 

Ltautie 

educed  into  a  solution  of  ijlphi-.c  of  cappi  l 
-.- hrM  instance  :*•< 

!C  I  the 

:  npidity  thai  tbe  copper  becomes  pi 
itnutely  observing  the  process,  the  copper  will  i 
]•-  niucrfwhi  of  thai  it  1    - 

1 1  appeal  very  evident  that,  wl 

(1   in   1   .! 
..;.    nMnilm  >r::  will   1  *■-  rt.  il\  ni    fmin    the  1 

■ 
pi-  v.  .  .  i.    ■  here  :*  U] 

em  d   dnriflg 

the  nyilrnj       ■  :  fact  to  the 

If  ti  roduccd  depea 

ulo  depend  upon 

-  .  and,  nf  COOI 
wkacevcr  m>/ht  be  its  surface;  but  it  Is  found  thai  ■  ■-.'  of 

i-     !<     rmpo  i:a©» 

would    ii  nnce 
capable  oi  .  i. -.a  mi  .  thui 

nH  mi.-hi  ;  hat     i  1 1  intcT)  and,  Ian  i  n  lie 

corciy  of  the  dectrotypc.  which  jacobi  in  Kus.ua 
m.  he  before  tbe  •-  I  ild.  under  the  names 

a  left  for  the  gem.    ol      I    d ■  ■  t    pal  "eleetro-chemioi 

;.  fact,  to  devise  new  instruments  and  a  new 
. 
in   Klccirldty : "  i]   DwompoMtionj 

''■!>■      tin       \       ...!■:,,■ 

■      .<h  trie  Parti  ol    d; 

p£eir»  <-  clearness  with  nhifK  hi 

I  n  '  n  inn''   bl     an       upplf a  "standard 

r»c  »ntcr*  may  well  try  to  imitate.    Tbe: 
of 

»FARADAVS   I 

'*  i  true  e.iprcsiton  of  the  f. 

i 
Jiicuky  in  *w:i 


comedy,  whilst  lim  >t  icnns 

accepted  i*k-  lerm 

and  tri;**' ve,  and  the  xutf-rtl  ideas  of 

phntteology  it.  thai  i 

ciuttotdt,  *h*i  «  t!t!t*m/*ss  their  cvcfcxkm  upua  ibe  wartacr;  «4im| 

Ir.i'-i 
and   lUkcv.     Ao  <  "^<  >>■  i 

*  leW<( 
wliilw   hydn- 

i    md  <ircu«i1oetili  :»f  uk 

greater  than  I  can  «licrwWC  olxuu,  I  h 

:<  "ilh  ttro  friends,  and.  with 

irj«:se  benccfeeward  uunx  ccnan 
term*  which  I  *--iU  now    '  l*»e  pole»»a*  tl>ry  jiv  cim. 

only  the  dears  or  wu  l  by  winch  the  c  rent  puo  i- 

t 
I  .    .   i   i. 
■     ■ 
■ 

.    .:    ,v.t.        ■;'.,;n-:     • 

.  is  subject  eo  doubt.    In  place 
tWeft*,  tnd    1    mean   thereby   ikn  c.  oe  mil 

whether  of  air,  water,  metal,  or  r,  h  bounds 

the  deconi,  ction  of  the  cseecne  current 

The  ilea,  accordmc  10  |rfiratrd 

i 
action,  and  root  ^uished  apart  from  the  pole*,  with  w 

he  cln  UiiiK  •   with  wliitli  thoj  ah 
inj-  foi 

CJtpT'  from  afl  tWorr, 

thought  it  mighl  1*-  found  m  !h 

■TflC  10  present  usage  ol  speech,  would  be  frceu  e,» 
<*hi  .  the  wk 

i 

dyasptoccd  so  thai 

"l\.t»»;UlW 

ity  \%  To«»ng  into  and  out  of  tVe  • 
c,  and  cxl 
ii      iin  v.r  |«ir|  ■•*■»  the    j# 

lurt  InvaTch  the  wvM  han£T%rr 

■ 
the  nMur.il  ttaaditd 
•  lib  uny 

lcrcaecrn. 
tend  in  any  way  to  support  fabc  views,     '1'he  ane&  it  therefore  thii 


h  the  eJectri  •  our  present  t  ■ 

■ 
.j.'aVV/  is  iKu  wr^ace at  which  the© 

i'<irode. 
n  t b«e   Researches,  also,  10  cl*«  bodies  !•>: 

•'■■■'.     '<        M!     1      II 

I 

■  uu  ■  lei  trie 

ike  nitric  or  stupbun< 
mdir>  manner  are  tded  undci 

ty  4*i4*ipniid  I  >  ..derived 

the  body  spoken  of  i*  ■rpcrated  tai    tta  corn- 
ier ihc  influence  of  clcctricrty;  It  is  analogous  In  iu  *cn ■« 
U>  jiii/f-'. .  Tli r  Ml  »-.v.7nvy 

il;  borao 

irratermti  thaw  hndie*  which  tothce&f* 

■ 
i  iptMca  influence  of  a  direct  ail 

-.crms  arc  much  too  significant  for  the  UK  to  whidl  I  f.hould 

re  pcrhop 
o-»l,  and  nuy  he  wi  .   id  then,  thr  (>;,t 

langtTM  njurytoi 

H  *cenpigcd  In  p 

■    •  ;;.    A\  tli  i   iRinjc  tnctw  offuwrf  wh:< 

1    t *       k    "I     ihl   ■  ■        '     ■  '  -li     II     ■       II       i:   'II 

.  ill   .  an  ■ 
am     ii  ».l      thi    u.\    i.  ■  being  an  «iir*>w,  and  th. 


:.  uill,  1  hi  ne  xn 

rnc.in  to  prera 

u  -..  ^^   thin  wil    In-  mjinrctl,  !-ir   I  .tin  lull-. 

I  im  paving  noopiii  :ing  the  n 

..,,-.,■■ 

... 
•«-y  «hy  I   ■  iti   mmna  □ 

iCarectioo  of  ike  fix 


■ 


it  |  m^M 
I   Ml  •  ■  **.M   .  I   ja  *K'I    fliCIU*.*,  Altai   wc 
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On  a  xxv  Mkasvkek  or  VotTA-Eutcnucinr. 
■  d,  *bcn  enjjagevi  in  red ...  md 

■  kih «*Jin(Urdof  liirjim nHc-.lt,  *flil  ag.i 
iiM-,|i.  inir.il  -I.  i    int|x>*j  <m|x>we»t 

a  current  t.  ;.t*t  fKant  ■■  ty%  oottritl 

I    «.ui.i[iKir    m  it'     (OUrCC  -.  LO  il     ;i 

(stances,  luuvc  proofs  of  the  truth 

U  iicmcau  ih  U  be  'te^y. 

[  null  i, ii.ii.-lI   upon    tin*  I.iw  :.i  iDiivir.ni  an     riNtruincni    (thick     I 
il  (he  electricity  passing  T> 


Ku^  J9S. 


Fw.  Ml. 


course  of  the  cswrcw  used  in  my  p*«ta»sw  experiment,  ihoold  fcH 
l»W- uuf c.  crthcr  a*  ■  <v—t*r*th<t  ji**j*rJof  ctfea  orua /i?»/r. v an 
.«' tin*  mkUUc  agent 

There  i%  no  snjbsftance  better  fitted,  under  or&axn  can  nnnnncv 
iadbCMinc  both  m  sack  »  mMrumrsit  than  »Atcr  ;  fee  i'  it  dcooapotn 
ImO*>  «Wn  mdmrd  a  becter  c*a4actcr  b*  the  *ddibo«i  of" 
ttVnwfcfs  may  in  numerous  case*  br  acxaifsrd  *=*\  rxdntrtl  ■  s.tsssi 
embarrassment  from  sexoaeWy  acuoa.  ami  brinf  raseo«%  tbey  arr  1 
be*  phvwcol  comUtoa  fee  scparatx*  And  mcsMttmenL  VVjftrT.mei 
bv  minmwK  aod.  ts  the  mbataaor  1  shall  cenrrafts-  «d 
w  mar  become  esped*-*:  m  pcoabar  cases  or  farms  of  ope* 
**c  ouct  booWik 

The  Ws»  precmrjon  needful  m  the  co&*nKtk*  erf  the  laiti—H 

tW  rcvonlMUtion  of  the  evolved  pxs,  aa  eficct  »hkfc  me  M 

^-U«rnk«i»c»p*i*eof  pvdvems.     ForllMMrMft 

<jr<smu>»-«s  aprsararu*  %„  »«rd.    TV  6rst  tilnU  id 

•  pW  aed  snrt  of  pUwi  soUeredretfaWrtq 

us  the  jUw  at  the  cancel  rxlrrtaiey  «f  tWb* 

oboo*  $  uv  k.0*.  o-  -t"  m  mk  n  m  vbrnOd 

ptwes  *ttv  abort  m  mch  Imm,  a*  »**?  « ta* 


TV?     R: 


permit,  and  .uljimtcO.  .»«  :ir.ir   :■>  :  it  »»s  cotv 


i  evolved.     In  cecum  cases,  where 

■ 

I  Iki»x  a  pi  erflJi  a  the 

n    ill. -I 

r      ii  i<*d    in   a   In  .in  'if   ilu    >.ntit* 

M  .11     In 

'    and. 

■  I 

.11       ;;..;..       !(■:. 

-  dosed;  in  pro 

■.I  in  ihc  i  J]  b 

itli  l  In-  .  .|li  i   ion,  ..■ 
ibc.of  all 
pcrpcnduiulu.    The  other  met  It Introduced  at  the 

■        ':                             i 
■  -  i  d  '■  '■  I  I     '  Ii    ■    ■  I      ' 

ii  mil    r         i    .  pe. 

■ 

.Iccincity.  TipositKO. 

mcee  rapid  thai  ite  lubes.    The  resulting  ku  is  the  sum 

■  rti'.:  ■..■  .::..     . 


" 


net  *i  *  measurer  of  th< 

!  i  -i.i.  -i     i    h 

Iii  ch  are  connected  w 

■ 

.ii  .id    i. 

ImI  -       ml 
\Vfc-*n  *?. 

•nbc.and  u 
■ 
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ELECTRICITY. 


Another  form  of  the  instrument  is  given  at  Fig.  294. 
'  A  fifth  form  is  delineated  (Fig.  295  6).  This  I  have  found  exceedingly  uafel 
in  experiments  continued  in  succession  for  days  together,  and  where  lnje 
Quantities  of  indicating  gas  were  to  be  collected.  It  is  fixed  on  a  weighted 
mot,  and  has  the  form  of  a  small  retort  containing  the  two  electrodes :  the  neck 
is  narrow,  and  sufficiently  long  to  deliver  gas  issuing  from  it  into  a  jar  plaad 
in  a  small  pneumatic  trough.  The  electrode  chamber,  sealed  hermetically 
at  the  part  held  in  the  stand,  is  5  in.  in  length  and  0*6  of  an  inch  in  diameter; 
the  neck  about  9  in.  in  length,  and  o'4  of  an  inch  in  diameter  internally.  IV 
figure  will  fully  indicate  the  construction. 


Fig.  295. 


It  can  hardly  be  requisite  to  remark,  that  in  the  arrangement  of  any  of 
these  forms  of  apparatus,  they,  and  the  wires  connecting  them  with  g 
sub-tancc,  which  is  collaterally  subjected  to  the  action  of  the  same  electnf 
current,  should  be  so  far  insulated  as  to  ensure  a  certainty  that  all  the  elec- 
tricity which  passes  through  the  one  shall  also  be  transmitted  through  tbf 
other. 

The  equivalent  numbers  do  not  profess  to  be  exact,  and  are  taken  aln)°*j 
entirely  from  the  chemical  results  of  other  philosophers  in  whom  I  cou» 
repose  more  confidence,  as  to  these  points,  than  in  myself. 
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TABLE  OF   IONS. 

Anion*. 

Oxygen  8 

Phosphoric  acid     . 

C"  'orinc 

355 

Carbonic  acid 

1»   .me    . 

126 

lloracic  acid  . 

lire  mine 

783 

Acetic  acid    . 

Fluorine 

187 

Tartaric  acid . 

Cyanogen 

26 

Citric  acid 

Sulphuric  acid 

40 

Oxalic  acid    . 

Selenic  acid  . 

64 

Sulphur  (?)      . 

Nitric  acid 

54 

Selenium  (?)  . 

Chloric  acid  . 

75*5 

Sulpho-cyanogcn 

'  *>.'•  *"> 


II.P    , 
I   I 


n   i 

Soda 

Rift 
>:"5       B..i   m  ?fr; 

*.       .  .  jrfl 

roy*      l,imc      .  . 

■2S  Mi^nciui        .... 

i";  ... 

171*6 

Ksr-/s  ions  .  160 
I 

... 

I 

n  of  1      as  fi-r  111- 

ilaicil  ic  £i» 

minutes  and  thrcc-qu  -.mon, 

must  bcpouci<  "h  to  rcum  a  riaunn  wtre,  1  ■  104th 

r , .'  hoi  in   he  air  during  lira  whofe  1  ■">-     aniJ  11  inti  .  -upttd 
In   charccoJ  1  «  ■  1  rv  brilliM 

■  1  .    -  1 1  )■  uy  o( 
1    tnv  bomtiful      ■         m                Mr,  W  I"-.  !  .HHi*-t.  end 
•  re  on  the  in 

riot  he  too  mm  rory  qunnli  bnclij 

.1  riul  fl***h  ui  ii  jhtn  n        Yd  we  h 

,;  ..  .  id  when 

.il  elc*ti  H  1ia»  only  separated  the  dements 

glegnin  el 

wed  a  a  formcT  series  at  the*c  Researches  on  the  relation  by  ntcanmr 
ion  uid  valun. 

b  in  diameter,  placed  s-t^tht  of  an  in  h  .ipaut. 


... 
.     .  .  I         .     .  . 


'4 1  biagproroj 

m  +«*>  «•«*    w*tn  ** 


«nvr<r.    1  (tMtiiJ  ili*t<  »he»h< 

1  »•»  »«»..  ....1,    11  .     .-.id 

'CuUter  w*  ■ 

1    »t  t<  »lit|l<4  oo'fi  to  "  '•••l" 
■hi  mtdc  eem^aaiurc.  ffK  c*tt»i 


El 


id     iiinrrxrii  in  the  depl  hsofftn  inch  in  add.  oMVsistirfof  01 

DJ  oitof  vitriol  and  4  >•'  ol  distilled  water,  il  .1  temperature  of  -bout  to*  fa/r- 
and connected  at  the  oth.  ,  rtilics bt  s  copper  rS  fl  lon^  -i& 
of  an  inch  in  thickness,  yielded  as  much  electricity  in  litt*  more  than  dust 
mis  of  time  as  a  Lcyden  beitery  i  hatred  by  thirty  turns  of  a  »-er>  fcrfl 
.ind  powerful  plntc  electric  ma  chin*  in  lull  Action.  Tim  quantity.  Oiwg* 
bumcicnt  if  passed  at  once  through  the  head  of  a  rat  or  a  w:  ■     h.v 

■    i  flasb  of  lightnlojf,  was  evolved  by  the  mutual  action  of  to  snul  * 
portion  of  thv  line  wire  and  water  In  contact  with  it,  lhAI  ■r^il 

sustained  by  cither  would  be  in  appro  table  by  our  mos 
and  *»  lo  llic  wdlt-r  which  tould  be  di       n   po     d 

baen   invmiblr   in   quantity,   for    no   trace  nf  hytln>)rrii   -ip]jr-ued    uj»J3  i 

ii  c  of  the  platina  during  those  three  second* 

Wh.it  an  enormous  quantity  of  therefore,  is  required  for 

a  single  grain  Of  water  1    Wc  have   ilrcady  seen  (J 

be  tn  quantity  sufficient  to  sustain  a  platinn  wire  l  104th  of  an  inch  =s  thd 

red  hot,  in  contact  with  the  alt  lor  three  minutes  &r.d  three -qn* 

hl\   \vhn:h  :.;  .iln  ..i  .1    iiilMiililv    1!    ;hit  tli.in   lh.it   which  Ci raid  bo  ttohfi 

by  the  little  standard  voltaic  arrangement  to  which  1  hare  jus*  refcrrrd 

ive«&detvoaretl  10  11  ik«  ■  •  >m}.i.ui»oiiby  tin 
in  a  uiven  iimc  in  audi  in  actd,  According  to  •«  principle  and  r> 
besubiotl  taunediatet)  ,!.  -.i  lil.  <1  ,  inn  the  prop!  1  augh,  that  I 

a  mention  it.     Ii  would  appear  that  800,000  such  chargoi 
the  l.cydcn  battery  .1*  I    havi    referred  to  annvt    ivunltl    b« 
electricity  sufficient  to  decompose  a  single  grain  ol  wa  f  I  am  rap 

te.  rqtwil  the  quantity   ol  electricity  which  :'.ed  »id»  • 

.i.ni  ntaol  thai  (rain  01*  water,  endowing  them  with  their  mmu.il  ehtsw 
:ty. 

In  tun  in  1  proof  or  this  high  electric  condition  of  V.,c  panicles  of  mac.- 
■i  a    fl>  qu.intttv,  >>/'  that  Monginj;  to  tftrm  awtf  AaaI  motrjP 

the; f  imputation,  1  will  describe  on  experiment  of  great  simplicity,  but  euro* 
beauty,  when  \  iewi-d  in  frl.uiiMi  ;■  ■  I  he    \uluiiim  ul  .111  c  Ice  trie  correal  md 
>i< noosing  powei  ^ 

A  dilute  lulphurii     1  de  by  adding  About  one  pari  by  nv 

df  vitriol  i»>  hurt)  parti  of  *>  ii<*r.  will  .11 1  anoruoticajlj    ipoa  1  piece  ~' 
nnc  io  i't  ordinary  And  simple  state;  bui 

rj  so.il  the  lurfaci  of  the  incul  basin  the  first  in 
amalgamated;  yet  the  amalgvinwitcd  line  will  Ad  powi  rfully  with  plana1 
.in  electromotor,  hydrogen  being  evolved  on  th<    suruc    of  the  ! 

unc  la  owdticcl  and  dissolved.    The  anuUgtrruuion  is  best  cfr 
sprinkling  a  few  drops  of  mercury  upon  the  surface  of  the  rinc.  the  hO°\ 
Mqg  moistened  with  the  dilute  acid,  and  rubbing  with  th<    I  »  v* 

•\  the  liquid  mcUl  over  the  whole  of  the  surface.  Any  mercury  in  etc* 

' "W  liquid  drops  upon  the  rinc.  should  be  wiped  offt. 

pUtei    ■  '  1  fie  thus  amalgamated  were  dried  and  accurately  »eifi 
we   m\\  call  A,  weighed  the  other,  to  b 

weighed  1 48 'J grains      They  were  about  5  it*   Inng,  »«d  ■->  t  ol  xninc*** 

• 

tiwmrocnl  miy  Ik  m*4*  Ml  Ml 


,ik  it  i 


rul  fco«r<tio.*  flic  ,  i«to.  p  '.4.  *«. 

r<  1  iot.  '■  -    --•.  t*  %»•  MnU*"1  y 

•  ii  mill  ■  c  <t<  M.t«m  »«■!•■ 


til .     ulphui  •    u  Id.    - 
:  lir  ii  id,  ii  in  it* 

-,4  pi-ittuA  .  :     l      <  N  lini    li  i»;.   "'i,  lull  ADOU)   iii .  *    a  idc  4» 

fK  pi'  one  plate  A  was         i 

ll  the  pfftl  MUDS 

roagh,  but  oal 
other  i  iter. 

action  iiftiui  i  '  in  the  jar  up"  Jinc 

■ 
no  hydrogen  or  other  K^t  rose  from  tithtr  line  (date.    In  about 

acperl« 
mutll  bi  '  bli  •  ba 

.    .        .   . 

|hca     I'i  '  !  .  .-  befi 

I  1 5-1*6$ 
p-<5  |  having  been  ovidizcd  and  diswlvcd  Hunnr.  • 

fcyd-  i..!nt     to  a  water-trough  Mid  w 

.  cubic  inch'.',,  the  temperature  being  >5\  and  the  bar 
inche*     I  icnipcrature.  pressure,  and  moisture, 

m*%  ia  of  dry  hydrogen  Jt  meat*  Ecmpcritui 

i;    1 1  in'  r    .-.  [  byoru  hall  for  Oar  ontyg-eii  that  muM    u 

ei  tl  <  >       ■ n      ■    the  quantity  ol 

hiih  the  u.i  ci  ')(  lent 

BBafdrou'  in  the  i  ttimati   i  I  tl)    wi    "jb1  of  the  mi  before  adopt  d  ill 

'o  •  '3555;li     '  »<  i-^,  nliich  therefore  n  the  \> eight  of  iraler 
posed;  and  Uftuquani  rty  u  to  H'45, thi  q  ued.as  9  is 

ir.    Snw  taking  9  at  the 

1  he  equivalent  number  ol  fine     a  coincidence  sufficiently  1 

uW  not  but  happen,  that  I  >\  01  /inco.xiduoi 

arule  1 i  ik  dvcompomtdt 

nxAnvth  ed      h  iseleetrotywd,  • 

in  the  ordinary  manner  (as  to  app 

■npoaitiuil  ■!    the  HHOltt  .niil  llir  hsill- 

dur .  1  wn    in  mao)  parte 

.ml  above  .m  ,nr  »i  asunder.    Again,  the  ordinary  chen> 

ti!  umataj  I  the  decomposition  oJ  t&C 

1  -.    .he. mi  .  plato  N ;  1 

I  '.0  prevent  any  idea  ihat  the  chemical  iffinii 

itcf,  .mi!  ti:  ii  :i  .m.iUci  current  of  dec* 

"ought,  node   iii  :ii.    hydrojEtfl  to  pan1  to  Ac 

■  t\  otiiv  rvftfi  i"  ifi<  -    nil    « h  1  thai  dn 

k         b  'htcct   mi! 

twveu  'linn,  hut  that 
:-.  dependent  up  re  thi      uanti       •    ■  •  ■  irii     f  whid 
__  trW:..  ■  j  .,.,,..■■  i-i-    «  I,    . 

il  part*, 


*•  «•«(?. 


■'1 


*00|l'i'       -    T-     .    .r-ll^.,.    .tl.Ntll.4l,.,.       I  l.<hf|..l 

t  T**  ««|<M*MI  w  1*1*  •"*»'  ••»  tf»l  I  -n«l  v  tlh  lt>C  ua<  r 

tl     % 


„l 


£  m 

-XXkbt 

■ 


rsocfcoj 

■ 

rttctesol  nutter,  pn*es  them  their 

iiito  ;i  . 

ia  other  wot 

by  Iht  iftcemfleiltfaH  fif.  a  certttM  , 
But 

active  do 
•  .of  ■-  i    .  ■  < 

and  j}>  lipped  into  djtul 

■ 
i  lore  cle<  ii  i  j  man 

of  a  po*criui  thunder  m<mih.    N  >■  i    n  n 
.  be  direct'..  perform  ii 

n  to  hop  i 

Ration  of  the  ptmd   1<     whl  I  opntcnt  and 

Mibtili  -I*  ill  be  ib  ■ 

■Id  »urp»»*  in  fri 
jI  promt  pOM< 

Aftci    f   >:  i  :.>;,    had  inw  nted  hv 
nOTt  COTircnicm  o  'Mil  i.. i   icea  wet( 


FlG.  (UmUtrUf  mtaturine  Ihs  quantity  sf 

■\*Nt/mt  smai/rt  '•-rur. 

Tlir  ott  Brother*  cor-  lam  | 

plate  electrode*,  doubly  f* ►}■  !•-«  1 
pre*en«  the  large* t  amoun 

oxytenarxl  hydrogen;  the  plates  ate  contained  m  . 
by  i  bene  conducting  tub  tnc 

(bos  jar.  %hich  it  provided  with  a  stop-cock 
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i  experiment  ha*  been  rrvmed  In  the  TUOH  phi! 
flataarr  V.  .urtli-  tilled  riuy  tubes  ji 

w  &   Thcu  I  a  plate  of  p  iene<J 

):      -li.  ■       <..>!, i,  .  .,■     ,  .    clcC- 

lcv-1'*  ii      llttJ   '.I  ind     II     ;.'.}.: 

ilfiln  ■'■     m  id      -|>  •  th     '■  .. .  i! .     i   .  ■  ■  i   on 

■  ■•■s  k£N  pre  ft  shock  which  an  be  felt  by  ft 


fimnin 

b 

Bntttry. 


Pitt    3  )| 


h^od  the  ekctro&  cope  i :  meter  needle,  gave  in  electric  spark, 

fctonposcd  w  LldeofpofcJ  ,     Toil  I:  ;>enmcnt 

irocntof.  Intooxygefti 

. 

inciil   Ofclc    tri<ity    ih.it    would 

i  repeal  i  of  ill  thaw  phenomena  alread)  dd 


z 


wn  the  F*tv»  of  iLc  fernery,  usually  platinum  plates,  we  Immened  hi  i 

ntrr  -«ilh  i  *lip  of  card,  and  full -d  wflh  a  Kltatiofi 

■iide  of  pot»»Mi  Larch,  cle»:i  ire;   the 

ml  ■    m  ill:  the  vakIi,  produces  a 

cafcx:  dn   hii  alkali  ii 

U*t  »ted  iac  I  ic  search.     I t  however, 

nicfic  a  carcf»lly  tlroppc<:  irnt  a  reddish  brown. 
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ami  «ltii>  indicate*  the  j>  :  am! 

■ 
,\  numbered  amusm;  chcmici!  decompositions  may  be  , 

Iudou 
pole 
1  the  oontcnti  c<f  the  trough  to  be  bit 
b    ■ 

When   to 
i!i.  pi  ..       a  (he  circulating 

[Jul  iwhcii 
aueent  h . 

the  !<■      .  be    Intter.  d  -1  redl 

metallic  wate.     Jt  is  (hi  :.  all 

toatfkigc  in.  and  »ach  »  decomposition  would  bceaJloi  -  "i.v- 


'      -  ' 


I, 


•< 


i 

The  above  »'■  tfaDanic        m  ■!■  i   ''tad 

uinlng  dw  low  •raK,  i 

-aIii.-Ii  ir(  tobc    opicd  b    the  deposit  of  metallic  copper  wpdn  tj 

•I.,  ii .    .  .i  in  ugh  I  be  cell 

■     ..  .        .  4 

1 1 1  I-iw. 

In  the  irlrnrr  the  clcctrK  telegraph, 

l 

<il  cheend  erf  the  nr*t  qututcr  of  the  present  cem 
•tlHlntek  •   l'ic  moth*  am    l:i«i  of  tin  pfufujcatk 

currcr 

led   (>>  tbc  Irckil  ■■!<.•£>  between  it  .ind  b^lit,  aii 

■ 

>n.       II.     i  ::rf»t 

1 
orewjr  iheeketro  -ree,  « tbc 

■ 


ofixrs 


vrismadetipofrworciistAno  I  thai 

Oflhrdcmcn!     Th<  ihuncc,  or  romance  ol  ■ 

*  «m  of  the  >  ■  I hapajoaceof  the  current  from 

liirough  the  liquid,  and  (rora  lis  pa 
us  iciisuncc  of  the  c 

Ui.it  due  to  (he  pa- 
li  ihc  interiors  of  the  pl.itc*,  ihe  wire  connect 

nod  betw« 
f.     SjUti  lining  Uitto  v.thn  *  (be  ft  in 


in  iy  be  proved  experimentally  ftfl  fo'ilov  - 
pret|KHti  a  of  thi  bitaniii rto  i       ■   ■■ 

COI    i i    i  lie  known  fund  ion  o( 

'I   a  ;;Alv.i::i.::irlri     Jut"  to  H  CUircill  :n  A  I  I   wliii  ll  f* JUld  | 

hi.iii  i    m-.i.inl,  whllf  ili<    i. mi) 

■  I of  equal  mrJioa  -it  th»   sunt 

tea  a  ■  i  J;  but  the  rcii*Un. 

in>  I  ■    ■  *nes  inn.  .1  .<     proportionally  to  tlw  number.    I 

rake,  ir  of  plates  of  known  surface,  and  connect  them  in  Efa 

f  a  galvanometer,  and  of  a  length  of  wire,  determined  by  a  rtx 

•  n  11  <£"    Then  thi 

>f  th«e  two  pair*  of  placet  of 

iuWc  the  v  -   ice  of  tl      former,  by  which  the  reaiitance  •  Kiruhii  un- 

iTln-  ■  the  lame;  l»»t  we  h*vr  another  cWflix- 

"or  the  intemit)  1  with  the  »in^lr  pair  vz  h.ivr  the  expression- 


1     <lir(-  by  tli'-  two  paii 


,, 


-& 


1  m,  or  whatever  it  ma) 
h  those  of  force.    From  chc»c  l«o  equations  it  folio*  s,  and 

»  found,  that  . 
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1  exp  tin*    tal  proof  may  in-  extended  to m  «tam 

1  \n  timo       I  he  r<  m-nnii 
d  b|  *  'hn:  1  law,  th.it  ol  current  and  rebalance,  is  proved  expeni 

■   ■ 
force  F..  v,  dimin: 

bolt,  and  doubling  their  distance  iroin  each  1  tot  r,  bj 

ted  a   1  mailer 
Igetvafcall)  <■■« 


l 


i=r 


from  whit*  It  follow 


I 

■ 
1= 


b  m'H  be  *i  r  t-'I  b>  to  lU-fTCrt  <rf  force.  A  to", 

upon  which  the  truth  of  the*  i  ■  >  be  pre 

;,  .mil  the  muti.r..  \y  DfC#or. 

thC  H 

inmcrKd  a  known  fracti  \  and  Ar> 

:..  tad  *:  i  ncocihc  w 

br  taking 
one  lei  gth  *na  oVant  l 

■  frd    I)j    tin  i*    of    the 

i      ■     i 

mg  platen  ■  >..  -a-  in  111 

different  pp  hicfti  the  electnetofi  had*  u  necessary  to  an 

nded]  il  form    is  (act,  the  bt*i»  vpoa  which  vi  ^«* 

tncal  icienoe  is  built  up.    We  will  sea  new.  a*  an  instance,  w>.«  i  jffxifc » 
«hen  wc  combine  dementi  together  m  bVffrrer.:  pi 
"When  tli'-  |»it  •  ol  a  puil  of  [>lat*»  xrc  [i  .  '}>c  intciu 

•'  current  U  |—  — r-.     There  a*V  t^ 

jiiii'.  i  i  i.i  i  yi*y*  in  which  J  iitniilwr  of  galvanic  fair*  may  brcnmirctrd  tareuff* 

lyb   conncclo  « to  arid  thor  ckco> 

mottfC  force*  and  resistances  together;  ami     Jnci;  lh< 

Kraft  l  !..     ol.  other  for  <|ii.inf 
re  of  the  combinniion  retrains  the  same-  but  the  surfaces  of  the  fLx*->  i 
increased,  and  hence  the  rev  Matured 

let  tt  clem  en  i*  be  e  --•** 

|  the  second,  the  nc^atii'e  poV: 
thep'  <      >  on,  up  to  the  ath  elepu 

n\\n\    i 

'iiln  <'■  they  are  of  the  %i  n  ..I  fciad,* 


f 

■       |     ':     ■  I'lfrj 

«  -  L- . 

,-cr 

rsistiaec.  i 

i       prcCiable  error,  neglect  tLthe  '  the  vaolr  tare 


f.r. 


IT  C 


•  is  to  ay.  thai  of  thr  V 

pubon  with  the  tetiiuncvoi' 


THE  /:, 


".at  current  ia  increased  in  direct  proportion  to  the  nun 
I  to  4.   Dm&aj  Iwta  numerate  nail  denominate*  of  the  abotv  fraction 
by  nao  rwarnhrT  of  CkoatPU,  i,»t|!« 


B 


hrcomrs,  if  we  art  f  — o, 


<vi. 


::.         :     1   iln.:>  pf   tbf  galvillir   flu 

■  \  so  *tiu  1 1  ih  c  ne^lex ' 

.t ;  ire  »<>fk  than  that  of  a  single  pail 

w^t  or"  thew  law*  appbei  toa   ■  ■  \  for  m  irking  i  Ion 

AC  rcstsUocc  with  the  coil*  ol"  th*.  IBpmlna  is  very  feat 

■at  that  a  large  ball 

nd  liw  applies  ta  t  local  circuit,  where  the  resistance  of  the  cir 
and  a  few  tkinmu  >Sv  j-.  well  <k  x  great  number." 


Tmk  KitosrAT  or  Wiim   km 

£aor  .rr/n/  ffrfawfaAVT.— W«    print  frnm  ibe  ttrffli 

Wheautonc,  in  the  Transactions  of  the  Koy.il  .Society,  "An  accow 

_  new  instrument*  and  processes  for  determining  the  Constants  of  a 

This  mo*  distinguished  philosopher  say*  ; 

vmenas  and  processes  I  am  about  to  describe  being  all  founded 

•\t%  citiblifclitJ  by  Ohm  in  liis  theory  of  the  vultaic  circuit,  and 

•  1  ewnprrSctnivo  theory  being  net!  Ally  uiioVi>u*h! 

I,  e»en  by  s-»iny  p^rwni  engaged  ''  '  •  '   ceMlId 

Wkk  to  make  ptSonsand  cTpknailepj  mdcnttkod  *iihout 

•a  wiih  a  U**t  ancoi  nl  nl   thw    prim  ipal  results  wlimli  h.ive  been 
.1  *. 
IU  scon  be  (M-ri^ivnl  Iid-k  tin  »  of  electro- motive  lorees  and 

f  substituted  for  tho  vague  notions  "i  intensity  ;mil  quafitity,  4 
*o  long  prevalcnL  enable  us  to  xive  satisfactory  explanations  of 
tacorunt  phem*  law*  of  which  huvi  iieen  Involved  in 

Why  and  doubt.     Viewing  the  laws  of  the  elect-'  !  from  the  i 

ira  of  Ohm  has  placed  ui,  there  is  scarcely  any  bran' 
frtntnial  si  so  many  and  nidi  WfOOl  phenomena  arc 

ptssrd  by  formula*  of  such  simplicity  and  generality.     In  must  of  the 
^«a!  ti   and  experiment  h"      b  pi    pace 

7J ffcecretteaj  jrra<rafoation.    In  iht*  science  alone  <1ict  bad  •/.*>'■• 

,     >bf.r  abundance  prilhout  any  successful  .i  ttcmj.it  having  born 
ii.J  a i pi aaaicat    Bui  ttua  hi  noaj  happtl) 
•  litem  mere  mailer  of  speculative  conjecture 
thc<l  nphy. 

TxnotisC  fcece  |  BOM    whirh,  in   a   closed  en 

electric  current,  or,  in  an  unclosed  one.  Rives  rise  to  on  eK 

won.   By  resis:a«.cc,  b  ssgtuhcd  the  obatacle  opposed  to  the  pa- 
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IV)     H    ai    '•hi!    >\  ii»ii*]I.  :  ....     r         V-li. 

t  l  of  carnrnishcd,  other  by  Achaefca 

iced  that  portion,  the  - 

i  ■lecrcasesin  %aorrcapHnft\nfwtpni 

so  thM  the  wri  um* 

(brought*.  crs*  section  <r/ the  circ»«;.    Tfc*  {;«<-'  :-flfrr  eanW 

directly  proportional  to  the  sum  or*  the  clectro-m-'  wtK*  st, 

•*rcc  of  i" 
it.,  i  word*,  rhi  e  v«n«Jdc 

]   .  il.tl  l.y  rl.  .ft. 

•  •»••*•• 

"It  -wy  wW 

■I tafl  lequircd.     Now  thitu 

Srovi 
m  <ath  other  only  in  the  iini.ni     •'    their  clectiO'r»t.»e  friML; 
modiiiL-il  by  the    resistances 

it*,  led 
>■■  M  to   idopt  general  wrrn 

(or  moie  oi 
11  in.   1  \ii.n!,  there-fun 

tan  electric  currmi 
brtterf,  a  ihcnno-dctirit  h*u.-i  -   01   tnyothci    01 

i  mi  i  uf.       Win  i    »iriylr   clrmCfll,    I    Of. ill   I.  mi    :« 



I  shall  terra  a  rheomotive  senc-s.     I  shall  still  use  the  ordinary 
when  1  ha»v  to  refer  to  n  of  the  | 

.!  Ecrnv,  tbey  must  be  ;mk_, 
ipfly  to  all  these  sources  indifferently.    The  •■■  general  leera  to 

■ 

Innjt  felt.     I  »h*ll  u 
lor  this  |>ti(|«i  >  t»  nnpJoy  j; 

.    \    .  i,,  .  It  the  pai 

.i  applied     though,  prrhapi   I 
irrfic»  Ac,  rbeomccer  would 
"  I'hu  may  be  the  proper  place  to  eapl 
Crecjut"    ■  igh  not  in  ihc  courve  oMh< 

(ion.     By  rheoi 

current;  and  by  rhcotr p  h  nltemaii 

ii  inktrumrni  for    i-.-.riii 

ficr. 
i  ii  ltodflcetl  these  tenru 
and  will  enable  m  Ui  »t.nr  ucm-ul    pr    i-  .  lic»ri>   i  uu  !i    in 

oyed  by  Amf»*i 
...   ■ 

'■I     til;  |     ,       ,       . 

■    .      .!    ■      ■ 

"The method"!  i  -  the  constantsof  a  rheot 

l'«n>ilkt.  &c,  in  tr..  p      .ficntai  v< 

theory,  is  «sentiall>  the  I  The  resistance  of  a  circuit  is  d<ta*m 


.*'   Or    II 


I  .      y>%. 


rcwstanc. 


ig  the  tore-:  of  the  cmrcnt  first,  without  nnycxtniintcrpojed  n 

hen  «  known  rewsi  n 
ia  extremely  limplc;  bui  'he  difficult  v  oJ 

if  a  current  by  means  of  a  galvanometer 
ide  to  its  general  employment.    Fechner  measured  the  force  of  the 
the  numbi  on,  of  the  pcodU  wbon  pbctd  ai 

l»— a  very  I  ition;  and  other* fcw»  tmployvd  toe 

the  corrrspuiiiJm^  degree*  »(  force  having  been 
iic  [x-i  11 1  i.i i  pic  ess,  m  i  fei    d  from    orm  mli 
,1  ih.  instrument     Anothi  -  mpt  d5« 
i  the  uk  of  the  galvanometer,  to  measure  the  force  of  a  current,  arises 
i  lOgnctic  ifilcn  try  <■!  the  needle,  which  frequently 
<n  acted  upon  by  too  strong  n  CUT] 
hod  is  that  of  employing  variable,  instead  of  con 
:es,  brinj  rrenti  in  the  circuits  corn  pa  • 

,   on-  iniint    cif    ill  .    out 

ecUethc  electro  motive  forces-  and  resistance* 
rticular  condition*  of  the  iin- 

.    rn  - 1 *■  ■       ii 
mii   irile    ii  to  have  a  n H 

ilic    internal  >  itiAt  if   rmty  1m-  graduAlty  eru 

rrqu"-  ■  for   <n. 

ded  I'M  .  in  uh  ■  in  wti  i  h  the  n  iut«&oei    i    d  ■dCraMt, 
ill. 
■:ntcd  in  Fig.  .toi  K  :  g  ii  a  cylinder  of  >- 
a  cylinder  of  bms'..  both  of  III  n     thi  ii 

[o<  !■  i    i     ;      •  :  n  one 

■ 

i  it*  c  motr 

i  /  jiiH  /,  pi 

ring  oa>  the  wood  q  the  c»:rt!. 
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*"5* 

■ 

ides  which* 
i  sfa 

■ 


the  brass  cylinder  A.  are  connected  witb  two  binding  screw*  foi  llir  pufptar 
of  receiving  the  wiin  ol  the  i  Ifi  mi.     The  movable  handle  n  in  Kir  turnac 
thecyundt  ion  their  axi      When  it  is  placed  on  the  cylinder  A,  and 
to  the  right,  the  win  from  the  wood  cylinder  and  coiled  on  th 

bms*  cylinder;  but  when  it  i*a  appli<  d  i.Mln- 1  vhndcrA  and  U  turned  to  * 
[eft,  the  reverse  is  effected.    The  coils  on  the  wood  cylinder  bciOR  i 
and  kept  separate  from  each  other  by  the  groove  the  current  passes 
thu  entire  length  of  wire  coiled  upon  thu*.  but,  the  coal*  i 

Slimier  not  In  in  [i  ly  f-.-m.  I 

e  wire  *  fcd<  b  I  ■  In  contact  wiih  the  cylinder,  to  the  spring  k;  the  enecrr 
purl  of  the  bngth  of  the  wire  i%,  therefore,  the  variable  portion  that  i»  ue  J 
wood  cj  lindi  i 

"  In  the  insuiutn'nt    I    ^u.itly  employ,  f^>c  cylinders  Are  6  in.  tn  1cm 
:',  in.  in  dtaraeaer;  r tic  thread* ol  tl 

aik        :    .      i,  Mootb  of  an  inch  in  diameter     lempjoyavcr 
Ami  x  badly  conducting  metal  in  order  that  1  may  introduce  a  gr 
.i: .  ■  into  the  circuit     A  Kale  is  placed  to  . 
unwound;  Mid  tlic  &»Ctioii\  "f  a  <*»i!  nn-  i'..  .    i  ■       I  by   >■  in 
Axed  co  the  avis  of  one  of  the  cylinders,  and  points  to  the  drr 

IgKldu.itrd  Lirdc. 

11  A*  the  principal  u\<-  of  thin  iiixtriimcril  \\  to  adjukt 
so  that  any  constant,  degree  of  force  oiaj    I"    obi  lined    :   b 

:  iru-i  ii        tig.  3UI  thoWS  the  .ut.iiiv'-iiirni  "I   the   liihiiI    nlu-n    ■ 

jin  experiment;  &  is  a  di  licau    ratvanarnetci  with  an  ''i»<  i  noe<li 
with  a  rosoope  foi  reading  off  the  divisions  of  the  cii< 

i.i.  ii:  'd  H  i  I  StKII  '  .    I     H  111*"  rliriuiiutor. 

"The  rhooM.it  which   I  employ  for  circuits  in  which  the 
parntiv.K  -null  it  represented  at  Kig.  joa.    a  is  i  o( 

wood,  on  A      Url  LCI  Of  winch  :i  spiral  groovi  it  cur.     A  thick  copper 
wound  round  the  cylinder,  occupying  the  groove,  forming,  .is  it  wl  i 
of  the  screw.    Immediately -ibove  the 

i  l run:; ul;;-  nit;  till  bar,  A,  carrying  u  ridci  ler  a  ■ 

is  fixed,  which  constantly  presses  gainst  the  spiral 
slight  Inequality.     One  end  of  the  soil    I  wire  is  attached  to  a  b 
sjt»"T*  which  n.  *l,n,1K./i  pr****%,  wliieli  i»  connected  by  means  i 

m   to  one  end  of  the  circuit     the  othei  end  •<■  i  ■  ■ 
bindiriMt  new  which  is  in  nutation  with  the  triangular  metal  bar. 
ingihr  handle  h,  the  cylinder  is  caused  to  move  o  in  either 

and  the  rider  <-,  guided  by  the  wire,  moves  along  the  bar,  ad  van  ci 
ceding  according  as  the  cylinder  is  moved  right  or  led.     The  rider 
contact  with  i\  different  poi.it  of  the  spiral  wire,  ■  dirYi 
duccd  into  the  circuit,  consisting  of  that  portion  of  the  wire  only  whKfc 
included  between  the  rider  and  the  end  of  the  wire  connected  »  uh  the  sprat. 

M71U  cylinder  nf  iln-  LAStnimat t   I  have  constructed  is  loj  in 
Mid  Jt  in.  in  diamotCJ    the  wive  is  of  copper,  ii&th  of  .in  Inch  Un- 
it iii.il..-.  \>:.\  ,_ .„|.  iiMJiid  the  cylinder.    Tho  dimension  of  the  iro>traintal,i 
the  thickness,  length,  and  in.ii.ii.il  of  ihe  wire,  may  be  varied 
the  limits  ol  thw   vni  nble  resistance  required  t*  be  intro 
and  the  decree  o I  accuracy  with  which  Ihose  changes  •">    i.  .in.-nl  to 
■Kfisurcd. 

}03  represents  the  arrangement  of  a  thermo-electric  circuit  at  at 
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*       \ 


1  n. 


>:crp«d.    c  is  il;r  trwftno-olKtrlc  clement;  B,  the  gal* 
which  In  1W1  -  1st  mu^t  not  have  numerous  cods  of  nne  wire,  as 

ftmUl^Clt.  tii  would    ntn 

4 — Imi  !  nf  ;i  Milj-lf  thick  nl  .:■  nukinf* 

I  'Mnk  is  preferable,  the  method  cil  rtio 

I    *    dHlCttc*    J.llv.iiiomi  I11    (!:■•»  nU'd    :iwy    Ik- 
\ny  rhfomrt-r  in  which  the  tX  small   may   1*    «  m ployed 

inaction  with  thi.s  ion."  ol  .1  thermos lectro  ele- 

e*rribe<t.  und<v  the  form  lust  < 

nytel  a*  a  r  in  onlcr  10  maintain 

f  required  length  of  time  precisely  the  same  decree-  of  force,  or  to  change 
%t  drtirol  pro*x>rt:i>n.     Interposed  in  tin  I  -n  clectii 

;',h':**«  mc  velocity  may 

gW.  a-      ■        ■■  ,iw»  01   ilri  rwws;   ■ 

.     [ivrn  limit*,  nu;      .,.:...«       ij     ,::■.■    ij    tl.  .    .    tl 


is  of  the  highest  importance  to  have  a  correct  standard  of  resistance, 
wt  tiuc  can  eaiily  bv  reproduced  for  the  purpo  1  I  0  rrparfton,  A 
r  wire  o(  a  tfeen  lenejh  and  diameter  night  be  employed  ;  but,  *s  very 
dirficii  in  ihe 

mn  of  winn         ■  mor      oov  nicnl  lo  ataunic  fui  the  'mi  ol 
■1  weight,  which  allows  *m 

ts  frequent:  i.*n  can  be 

Uy  incuu  ol  the  laccotat,  though  the  reduced  length  of  it;  wire- 
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ELECTRICITY, 


oaasldei  iblc     I  maj  »  ■•■  to  kni >w   i" 

thr   r1rc.lro-:n;iijiirt»  of  my  tclegraphi  nmetimcs 

hundred  yard*  in  tensrth,  or  ih.it 

the  resistance  of  a  certain  extent  ol  an  imperfectly  conducting  bqmd 

ftdavAricti    i   inert,  1  cmplo)  an  ib«his3tiument,»nlckcoBilj 
RM  t"  interpose  in  On  circuil  P  to  any  amount,  and  yet  to  0OUi*~ 

the  compound  use  of  the  rheostat,  which  serve*,  in  its  fine  adjii-rtmcnt, 
required  decree  of  accuracy.    This  Instrument  is  represented  at  Y\^ 
Conmstfl  nf  fix  coils  i»f  fine  ink-covered  (  ipp  bout  the  i-200th  put 

V  I II.hih  tCi       two  of  the*     COJ        .-..■■ 

ivetj  ico,  20c\  400.  and  800  ii.  in  Icii^ih.    Th<  Iwo 
attached  10  wotl  thici  wires,  fixed  t<>  the  upprt  fai 
hwc  to  combine  ill  »hr  coila  m  one  -  cmtinued  Length     1  he  two  wim, 
form  the  extremities  ol  the  coils  by  which  they  Me  united  to  tht  < 

the  !!■■;■:    ice  0    each  cylindci  b  a  double  brass  sp:  ■ 

iO  thai  11     end     may  rent  nl  pleasure  rith 
connecting  wire*,  or  may  be  removed  from  them  and  rest  only  on  tas 
In  the  latter  condition  ihc  current  01  the  circuit  must  pass  thrown  the 
bin  :n  ill-  formei  position  I  he  current  p.i-v  *  through  th  md 

tbi  rosistaoci  «>f  the  coil  from  the  circuit      When  all  the  vpring! 
wires,  the  resistance  of  the  whole  series  of  colls  u  remotvd     bul 

the    "Springs    SO    .»*    In    introduce    il:llr:rn!    coils    into    the    current 

of  $0  fee*  up  to  1600  may  b   btoi    in  into  it 

"  Afl  the  measurement  o!  those  long  lengths  of  wire  cannot  be 
depended  upon,  it  is  advisable  to  a 

in  each  coil,  which,  with  the  aid  of  the  rheostat*  may  be  easily  effected 
find  the  resistance  of  the  entire  t.oco  feet  10  be  equivalent  to  2i$.*So  «nr* 
lance,  or  fed  Of  the  standard  win-.     I  occasionally  employ  aa  anauV 
Krii  -  of  coils  combined  in  the  same  way  ■**  the  prccod  »:uigoJ 

0  !■.  ■  .1  the  1  une  0  ire,  each  500  yards  in  length.     'The  i-  dui  "I  It  '■-jta  nf 
aeries  is  ibovc  -31  miles  of  the  htandard  wire.    By  combining  it  ■ 
ceding,  1  am  ami  to  measuri  resistances  ctgual  > « ■  17  1  }  mUt  1 


"The  rhcnst.M    .11.  .  !  ..  '  1.  f  ::      ;um<V' 

electromotive  forces  active  in  a  voltaic  circuit,  without  rto,u  tb**| 

pose  the  aid  of  a  rheomctcr  jrraduatcd  to  ind  -il  foryrv 

I  living  recourse  to  the  led  i  en  of  counting  the  oscilblloat  of  aastr 

employed  by  Feclmcr  !n  his  investigation*      ro  saw  linti  and  tro  il»lc  oil 

m[-i  >■  mim  wii  ortancetothel       ■  p  osrcssofelccti 

on  account  •  )!  thi    •:■  ii  number  of  experiment*  ol  this  kind  which  yet 
to  be  made  and  ■  ationsinthcclcetro-11 

circuits,  from  chemical  and  other  actions,  which  render  observations 
iderable  time  valueless. 

"The  principle  of  my  proccM  is  M  follow**'      In   two  circuit* 
hjujI  rhaointinc  effects,  the  sum  of  the  electro-motive  force*  di»*de* 

<#,,--= ;   if  f.  and  K  be 

used  M  diminished,  »  will  obviously  remain  unchanged.    KrwriajJ 
fore,  the  propocti  mo)  then  u  stances  m  two  circuits  prcckicmg  the  1 
wc  are  -bit  immediately  to  infer  that  of  the  electro  motive  farces. 


CALORIFIC  EFFECTS 


n% 


fimll  in  m.iiiv  qm  to  determine  ;hc  local  res  is  tunc:. 

I    have 
Istain. 

In  order  •:>.  shall  be  I 

ut  the  added  r  must  be  multiplied  b)  the  ume 

.  which  the  electro  motive  force*  and  on  cc*  *« 


**«*£= 


The  reUrlom  <-f  the  lengths  of  Ac  jaIJcJ 


*  i 

rth  .in   I.mi.  uuicl)  give  those  ol   1 1  ■ '   de 

...  I  ini.tpwi  the  ih  i 

■  ■  ■  ;-Kler  in  the  ■  ol  th>   b 

-  in  i  i..  bring 
est  -.iit.;i       I  tinr  mi  tain  thi  length  of  wire  unooili  I  from  la 
^^Sot*  the  regulator  necessary  to  reduce  the  dcviatim  i.f  i)k  m-  ill 
measure  ol  the  electro  motive  force,  the 
r  corresponding  to  thai  of  i  standard  cl«n«ni  having  been  prtvf 

■  -  .'.none**  dtf  n  at  i    <  ■' ■ ' 

ll      nil     tin        fi-I,  ;.;:    tjjfa,   uudri     I  hr    ftfl  lllC   uf   "  W ' 

Stale's  It>ii-%h  A 

Til;  1ST. 

*»*"  'lie  bowery,  or  rather  the  terminal  wires,  are  connected 

:i.  h:ivr  i.  no  effect  is  observed  until  ifac 

the  Toltaic  rnrrcnt  i* 


Fir*  jai  -  Tie  Ckertmt  PmrUt. 


.npiiljtii'  i.;  air  and  cause  a tli 

■  I    (»  reepi 

I'n   ■'"!    '  ■    Will 
it;   tt'J  ■  A-erful  bat  two 

■•  i-.tl  i>> 

i .    ■ 

«0  |m?Th  .  >  going  ...  n.i     IWO  ll  is  this  postage 


CTKiClTY. 


of  divided  carbon  «tiiih  serves as a candnctar I  -1  prc^crres 

it*  «(inl;iniiiy. 

Deli  Rim  ttatei  that  "The  length  of  the  luminous  jtc  consequently  lean 

A  close  relation  to  the  facility  «ili  VkiCh  the  mutt  r  Ml  or  thr  pole*  adnaatf 

.■-■« 

Scientific  men  have  always  agreed  that  the  transference  of  panicles 
place  in  the  lame  direction  a*  the  Current,  vu..  iiom  the  positive  rlcmcnt  is 
the  MgatiVSj ;  SOd  Hi'    .  v|>!;ir.itmn  i^  mad.-  fill  jn  r  hv  :)»•    ii>corcrv  <rf  N«< 

thai  Ifai  p    hive  is  more  strongly  heated  than  the  negative  pole. 
Van  Breda  has  thown  that  incands*  Sued  parade*  arc  not  oslj 

pOOptUsd   &OTD  IkiiK  pole*  iou  ird»  i.n.    anulhvr.  lint  in  pvery    I 

Hafts,  "t  il  ih<;  transference  doe?>  I  •  pber 

from  the  positive  u-  the  negative  p-tlr.  but  Is  determined  b)  the  d. 
the  dharcoal.      H«*  stales  thai  he  wccrcdcd  m  r> 
particles  by  conaecttn|   i-verj  tnuvt.  *>• «  bit  of  carbon  with  the 

live,  and  a  coarse,  soft  piece  ol  ih.uu.il  with  the  negative:  and  he  the* 
li;  ;l  '.!:t    E&Cft&dC 0C6nt   panicle1;  movecl  froffl  the  negative  to  the  p" 


Fia  304. 

The  negative  cylinder,  when  examined,  appeared  slightly  excavated; 

Siosltive  one, slightly  obtuse.   Amidst  this  connictfi  tie  write* Us* 

rum  exponent  c  thai  the  ^.tsiing  ol  the  charcoal  points  is  always  unequil. 
Srovidt'd  they  m  rf  the  auric  quality,  the  transference  takes  place  t 
om  the  positive  toward*  the  negative.     By  arranging  a  1 
holders,  containing  vaiioui    metals,  such    i--    nnc,  cop  •  1 
according  to  the  method  proposed  by  Mr.  De  la  Ru 
colour*  maybe  obtained  by  the  intense  heating  and   partial  ■    m 
thr  metals,  copper  throwing  nut  a  green   light,  rtnc   3    bluish   »feU 
formation  of  a  large  quantity  of  smoke — oxide  of  nnc 

It  the  charcoal  points  arc  brought  together  in  a  void  space,  or  vaanm 
light  is  very  peculiar;  it  appears  sorter,  though  still  very  brl  ~nd 

Mats  a  marked  difference  to  the  same  light  observed  in  air;   thr  cart* 
appear  to  lost  much  longer,  and  the  wri    ?  h    .  often  thought  that ' 
rte  tight  U  required  to  be  ver-  the  Duboscq 

iy*  In.-  lirtt'-T.  .!"  |x»s>iMv,  i"  pnwluce  :ln: light  m  una!: 
from  Khich  the  lir  hod  been  it-muvcd. 

h  has  been  seen  that  the  resistance  of  plarfni  m  wire  to  the  passage  «f  tkf 

■  c  current  is  al  li  >st  nine  and  a  hill  ti  iter  th-m  th 

When  a  vnrc  resists  the  passage  of  the  current,  vii  hr*t  ii  tW 


/ 


?>%>—El  tern. 

i.h  may  t-  ted  by  ilie  reduction  of  the  thicknet*  frf  the 

:  hut. 


cen  two  u 
i    io«-  im  ;  Irnutli,   if 

r«l   »irti..  r.     The  writer  has  had  18  feci  of 


candescent  whihe  using  very  po*< 

m  ill   n  'ir,  :  :o  protect  i  mm  from 

>l  cwrrenta  of  air,  and  by  is  •  much  greater  length  I 


1    ■' 


•kexteiw  th<  pia.num  win 

ii  tium,  ji  Miit-  o! 

i ild  .ind  dark  in  tru 

■  ■ 
... 
- 

.iJK.-u.iitl>  pi .    i    wer  tnc  plan 

! 

covered  i  >vc,  but  i»no 

ami 

^^^■M  With  the  *fcl*.<V<  T;,  i 

mobility  of  the  '         ,      .  .  il  111 

mutkm  i 

tt,  IS 

raoYtncfii  codle  bdon^in,;  to  the  £&*- 


I 

LptMim,  mnauHnp  Mir  #f-v' '■  .aawmv-  i  *•*!• 

with  tin    ii.  m -r.j.ii. 
llu-  :■ 

Fir*t,  tnr  u«r  for  mtrpcal  purpose*  ''.  iUfc,G! 

1 

.)  nutter  generally  *rc  pmetiaJ); 

■ 

kctriC  curr-.ru   IS   iii  «Ute. 

instai  1  he  magnetism  ceases  the  invent  it 

ating  what  is  called  o.r>  elceuo-ma^n 

F  th«M  properties  to  detect  the  existence  And 
the  c  ■  ■ 

illy  of  four  past*;    i. 
.  the  probe;  and  4. 

■  *eW,rof. 
■ 

'on,  In  a  >..!■•'•.. 
md  carbon  the  trf 

'mpinge  u  ;tm  *pnn$r*  which,  '  ■  • 

■■' 
■ 

•  1  uuh  the 


at  the  top  •>(  -i-   i 

tc  clea.%  as  j  ill  cd  din  or  <-■ 

v  ooanrtt    if 

• 

ill    tD  llu-  i   .  '.<      ■ 



ro   ,i*o    i 
i  imimAiT 

••ion  between  the  t*»  terminal 
do  or  any  mc:alli  completes  th 

:-■:■"     ..  th<   keep 

hit 

■  pre*» 
tacking  the  oircs  of  the  probe  uid  fl  he  terrain 

■       '  ■  hi   h  i-  i  di 

■ 
Bt  of  tkc  FuimifKi   upon  ihe  bell,  I 

.:'.::■ . 
IUV  •  .11 

ill     l^siii.   r 

k  ^/v^comiii  of  two  pointed  Keel 

I     m  It.     These  wires 
■  ■  Between  thi 

.  .  ..... 

.''ort  lci»„>>  ":  Gen  upoi  i  mounted 

I  Vatl  sIih.-UI.      I 

. 
and  I)*1  Mai  spring  u h  i 


red  steel  limbs,  having  curved  and  btm 

■ 

■ 

u  wire*  : 

robe. 


H  will  lie  seen  from  the  above  sketch  ttm  each  losirv 

.;  .i  bulkt,  »fc»:h  will  supply  a  bridge  for  the  obtctu 
«nil  u.  tad  mstuntly  cause  the  bell  to  n©fr    it  fcs  needless  to  say  that 

.1    cannc*  t<  wtl  <i>  t*ly. 

Hi'.  Ix.v  in  the  ri*ht  ifurtnu*  "Trotifi 

haiterv.  «ch  charge  l:wnj{  several  weeks.     iluVirrt;  the  bait 

ilutfota.     (l 
h    ihouM  '1"  n  I-    thrown  i 
.. 

1 
Aiili  ih'.  "*cd,  1 

he  supDoaeil    iu 
to  r« 

\s  it  u  nccassary  that  both  r»> 
IV  that,  u  the  probinc*  are  t 
»nil>r  un    ■ 

one  point  orjy 

;;i  ■  il.    i ■    !d:    i 


en*t*tl 


FlU.309. 

If  1  he  points  become  enui  x*.  Sec,  they  «*n  drays  benteaw 

Si 
ilil  itfi  jai*  or  fibre  «!i 

u  renamed,  tbe  forceps  an'  brrryht  tnr 

■ 

seife  t!ir  hi. Hi  1    in 

.   1  ,  ■. 

1!    «OUld    r  !'.-  SlwIC 

1  D. 

caws  the  forceps  coold  be  at  once  nsed,  without  the  wtm** 
Id  tiie  pU  ted  wires*  trs  TCOtattA  v»vfcw^iS  Wacwi  Sroktr. 


. 


.:  Vit  jnr  tinman  n-  thr  rrgmirnlal  \niilii,  nr,  in  run  n 
proh  .it  10  solve  the  difficulty  pit -  ,< 

•cjicrx\  ot"  the  Arm)-  Medical  i 
alter.  Approved  in  a  report  tw  Professor  Lonjmorc.  of  Nctkv 
ful,3tntl  by  ihv  1  *1  of  lie  S      ,  and  of  the  Indian  Boan£ 


the 


ELDCTH'-  (KX 

ponant  srpplii  factrtc  torpedo 

■ 
h  by  I  in 

ing  charges  of  >.  ••  ttlc 

►l.ini  <l  i  i  tlir  rtArrxnir  i»r  i  hiirtnci*  to  Ik-  pro 

■  n  mU5t  p331 

,  upon  the  ijniii"  torpeaofbed 


tead,  ihe  lorpt<;  ;  the  fonti  of  a  hidden  mine,  any  number  of 

!»  may  be  grouped  around  the  chy  or  place  to  be  protected  fra 

of  the  enemy      These  n  -rind 

edo  is  placed,  the  res'  being 
■fth  ow  •londred  tons  oj 

v  .(Moil;  but.  ■■.  li  v  ill   Ji  • 

■ 

!tf*  I.nn  of  ttic-vct^Hpr^irrc-  ■  Id!  1>)  IMCl  0>  - 

i  !  !:,,-■■!  irr'N 

i  ■  h  op  j  j   i.  i   d    any  be  employed  witi 

ufi  is'oncof  the  n  osi  deadly 

of  man  hn 

and 
lords  example  and  u  blowing  up  of  a  I  a  rye 

II)     n.    b) 

p^'wv  will  Ptffi' 

ok  place  on  a  dear  afternoon,  and  Wv  jny 

md  unokc-*i.n-W  wenl     [■  iota    \0  feet,  Ac 
ii    a  ■        ii    i.  .ii' 

iic  crew  *■  tnd  oi 

eaaes  their  pLfr,i  t  from  tttcil 

heads,  an" 

cime  down  alive.  >mn  Kjvct. 

ii  the  isth 
ffiber,  1864.  while  in  Mobile  Bay,  tli 

irr»edo.  ind  crew  and  vessel  annihilated  in  .1  moment 

;  whii  li  happened  to  Ik  ■  ■  feet  "I  tli< 

M ik damaged, and  *erml rt  nbooudfng  ld<d 

i<  r  run  if  I.,  these  torpedoes  arc 

■ 
**'wco(  !'  into  the  Ualtic,  it  the  tunc  ol  the  Inrneuv 


:  i.  onstructed  b    Prof<    01     u  -bi,  wer*  mull  iron 

;unpowocr  and  a  charge  ofchloratcol  potnib  and  s*«j 

.itid  dn*n  the 
ji  i  rod.  _ 

d  mike  i  he  »lnpi  And  by  il  •  ■  i f  the  shocl    "  ■  tk.  tad 

icid  uitliui  the 
Tli  u  iciin 

thctn  to  be  injunoo*  to  inend  a*  <*<   I 

.  iKrv  wtK1 
found  UKlm;  and  no  improved  method  of 
the  torpedo  vo  i  ibandonoa  until  the  year  i860,  when  th*.\u 

ip  the  toblcct  In  oonj  rtthihedci  the" 
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MAGNETISM. 
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THE  MAGNETIC  NEEDLE. 
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usually  called  a  needle,  when  carefully  balanced  and  suspended  on  a 
K>int  with  a  central  hard  metal  cap,  and  then  magnetized,  is  called  a 
ic  steel  needle. 


Fig.  321. 


s  extremely  useful  for  showing  the  influence  of  the  magnetism  of  the 
as  regards  the  horizontal- directive  force,  and  is  absolutely  necessary  in 
ng  a  repetition  of  the  facts  already  explained  in  the  article  on  "  Static 
ricity  "  (page  212),  viz.,  that  just  as  similar  electricities  repel,  and  opposite 
attract,  so  a  north  pole  of  a  magnet  repels  the  north  pole  of  the  magnetic 
e,  and  the  south  behaves  in  a  like  manner  with  the  south  pole  of  the 
c.  Dissimilar  magnetisms  attract,  therefore,  the  north  pole  of  a  bar 
ct;  one  of  those,  shown  at  Fig.  318,  will  attract  the  south  pole  of  the 
e,  and  vice  versa". 

Elliott's  may  be  obtained  magnetic  needles  suspended  in  a  beautiful 
er,  so  that  the  needle  moves  either  in  a  horizontal  or  in  a  vertical  plane. 
1  the  needle  moves  in  the  horizontal  plane,  it  is  an  ordinary  mariner's 
iss;  but  when  it  is  free  to  move  in  a  perpendicular  plane,  it— however 
Uy  balanced  before  magnetizing— dips  downwards,  and  points  to  the 
like  a  finger-post,  directing  the  eyes  of  the  student  to  the  terrestrial 
of  magnetism  which  causes  the  "  dip." 


FlG.  322. — Needle  suspended,  and  dipping  towards  the  Earth. 

direction  of  the  horizontal  magnetized  needle  not  only  varies  daily, 
*  diurnal  variations,"  but  it  has  changed  during  various  periods  of  years, 
agnetic  needle  does  not  point  due  north  and  south,  but  in  a  plane  or 
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poti  ..  m    iff   -.  i  magnetic  -  .-.■  k 

tee!  bar  magnet.       I  run   wlrto*- 
jUJXi.  the  ptoti  I  car 

m  tii    p  'Vra  ;   and,  u 

unilcTkloud    A!  Jed  fur,  nv 

liiviMUMI*     ill    i     . 

ruing  in  die  wrong  4* 

...  lion,  .1:1  iHr|  ihe  wi- 

a  the    rocin,    i\<ci6  V 

keeping  fttr  in  rmd-o-  tUilo* 

■if  ship*  m-iy  he  eomeir* 

*nd   1I1         1I1 
attraction,  dm  te  the  k,ji 
utlin  iron    :  '  " 

mer  thi    pa 

lamented  friend 

Kopkini    tried  Avast  number of «a^ 

nmcntv,  and  wrote  an  in'.rre*ting  paav! 

phlet  onicrrestf 

•  corapaanai  01 
thin  dev  .in  >n    ■ 

It  Is  impossible  If  »  lo  •* 

■iroortfrt  t«* 
ward  and  disc" 
but  the  remarks  :  yra» 

■ 
Servio  om  hU  paper*' 

I  In      ir.uln     vnnr     . 

opinions  entertained   by  d 

on  the  method  of  destroying  $*£ 

;n* 

Subject  has  been  treated  ift  an  cn*ae 
ly  practical  way.      In  the  abawd  * 
Mr.  Hopkiru's  p- 
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onettatcmer-  which  ippcantotnethemoM  important,  that  is,  Mr.  Hopkins 

.  prepared  to  destroy  the  polarity  of  any  given  ship  in  im 
or  1  '.'ivli  io  of  the  paptl   I 

Mr.  Hopkiut  h,i\  performed  thai  operation  upon  any  ship. 
mi  iu>  --:■■!•  -'.  «li  ,  but  i 
d  plates  of  iron,  and  I  tin  uuk*  natikHod  thai  I  i  in  pj 
uith-  rnultt  em  the  itch    nlati       i        win      In       pi)  In  thi    »b  ■ 

■   i  will  noi     i    ■       ou  long  bei  iu*e  I  do  not  [hie 
arU  made  require  lengthy  replica.      I ra\ •••    with    rtfftfd  lo   5ii    Edward 

■  ignctic  pok.     i 

■      T.  ihai  I  :>;  re  wai  no  magnetic  pole .  on  the  contrary,  I  have  en 
plain  that  the  t  *t\rs  a-  eat  by  thi  mat 

'f  thi  mrth,  towards  w\  ich  all  the  i-sagnc 
nwrjje       1   on  imi  mean  to  wy  for  one  moment  but  that  a 
pin*  needle  ai  the  oortji  lati 

Sn  l  mi' ■  Rou    ind  probabl)  ovei  agrcat  number   tfvquaren 
dipping    rn  rrlh         p 

are  m  ...  ,,|    ,|. \  .. 

im   d ipptng  d  cdl  will not 
0tf.     i  ip  ,i  thi  dippinc  'i-.'     i  oo     d     n 

ii  ol  the  texxe  ■■  lal  pole,  bul 

in     i  Ih     ma  :  bcinn  in-  i  ihema 

1  I         -nlv  to  prol 

to  tbc    irclc  oi  ,   '   of  latitude  to  *ho*  thi    lal 

Ik  guided  l'v  i in  wi  rittta»s  of  the  needles  I  n<  the 

pol  '  •<•  as.    <  -«_■ 

•Mrs    puiill  '        l)'i    ihcy    piiilil    to    RualhlM    I"''  il'-y     (lit    ncil 

Thr>   point       ■  trds  the  arcui    region    ind  no)  ti  ial  poitti     With 

ecgiril  iu  the  otha  pniai  thai  '■■    bldward  stated  Lotheeom- 

[Mts  I       i  a  pouibilit)  fo  ■     npaas  ki  point  eoi 

i*i«    rt  Ik  left  c  itircly  under  the  control  of  the  tn-it  Urrc  tin  ai  . 

.ij^icla  or  electric  appliances,  can  only  increase  the 

.CStl!  '!   Ilurt'foti  n;UI    ii.  I    be    l.iinprfcd 

nd  under  the  wile  influence  of  -noKtietiani, 

'    iv  ■  i   tat  d  iboirt the  weering oompM     I 
much  r.'T  the-  »li 
past.  :»rdcompaiv     W-ll  then 

iu  ■  ';■  >  ompatacs      VVV  ai 

■  In  iwi!  know  what  ihr.  v.r 

that  i%  constantly  going  on.     Were  >  iu  certain  of  the  exact  amount  "i 
rould         like  tin  r>i     h   uii      li  ron ■  m  ur  spoken  of  hy  (..iptjitn 

watch  ..in    i  fir  on  oi 
b. those   il  I        u   d    'l  and  steering  compaftM     -.h  n  you  have  an 
vcucl.  and  wheti   you  have  a  perpetual  change  Koine  on  ,n  ' 

. 
apprehend  difficulty      I   tec  n  p]  idv  gppn 

|  do  noi  '  ilnl    tl  ■   ■  diffi- 

Guy  rn  wxinjt  j  co'mpa**,  with  <l         ■••/„  light,  Wll 

i     ■    ii   ■.  i  '  1 1      I  :■.,.. .      I  i.  i  -  one 

■  il  mth  regard  to  the  needles.     I  am  per 
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r  r  wuli  .ill  the  needles  they  use  in  high  latitude*.    They  are  «»** 
worthless  m  power.     As  to  the  dipping  needle;,  thci.  hJ>  en-, 

live  power  whatever,  and,  j>  justly  observed  b  bares* 

i  directive  pc»  not  lliercfoi  '*» 

RlEkM  ({urtiioei  connected  with  ws/iirfttf*  timi.    Th< 
i      ii-i  wlirn    n«'i;!irt    ilir   sti.i^;:it    noi    the  dip|  I  'ic  leii-lsci 

edible       l'   dh    ttitude*.    Ii  only  rem 
yon  fu!  the  i'1'innr  and  kindness  with  whn  h  you  have  listened  •  • 

I  I  ii. ,\       u:.,.;. 

"  Ih    <.iimkmaN:   I  am  sure  there  will  be  but  n  among  yon* 

to  a  Vote  of  Hunks  to  Mr.  Hopkins  tor  the  very  interesting  paper  he  his  r*jt 

i    ttfOUghl  forward  tOBW  Of  the  Did  id«i«  relating  to  magnetism,  aatci 

many  here  were  not  ;.;■:    ated  with,  and  he  fc  'm.\ 

must  ciy  Out  his  idea  with  respect  to  the  bent  needle  is  one  which  I 

■   iajj  if  atrial    I  mual  also  say  I  should 
iln   polarit)  oi  t  chip  tried,  although  1   un  afraid  that  tli 
would  become  magnetised  by  tome  other  curaneous  cans*  at  present  •*> 
known,     I  reaQy  believe  this,  although  we  in  -  ukful  to  ? 

fa  haj  told  ut,  thai  we  shall  still  tind  it  positively  ncccaaarr  to  hart  n 
tootriM',  ,iu  ii.     I  hope  what  you  have  heard  tonight  will  strengthen  ?<>«• 
confidence  tn  the  eompaaa  a*  a  mcani  oi  h  remark 

:  the  pole.    As  I  nave  passed  within  70  mile*  of  it,  at  d  -.ias*y 

47".  I  must  say  that  1  con  only  look  upon  the  pole  as  capable  of  being 
DM  perhaps  exactly  a*  n  point,  hut  very  nearly  ai  a,  point,  because  aa  I  posed 
up,  I  i],.i:i      !    ,  «    go*  4;*  north  dip  to  8**'  i'>    south  dip.     With  r«*pec*.» 
the  deviation  of  the  compass,  It  has  been  an  old  thing  with  us  who  hue  been 
tn  liitfh  l.ii:iiu!i>.      VV'c  know  perfectly    well   that   wc  suffer   the 

i<  ,     nliiih   is  fxpfin  ih'ini   now  in   Iron    <hip*.      In    Retiring*! 
going  about  there,  the  deviation  ol  the  «lm>  1  mount ed  to  sw  paints  ol  the  eon* 
1  can  lay,  Which  I  have 00 dount  Captain  Magurre  will  ccavcteBlC 

mr  in,  tli.it  Wl    -hm-ld  have  had  th<     Tl   >tcst  difficulty  in  the  world  total 
ships  up  into  the  position  we  did,  il  it  was  not  lor  the  admirable  charts  of 
Admiral  Bechcy.nnd  In  which  expedition  Sir  Edward  I  Then 

U  only  one  other  point.  I  will  ^ay  that  I  have  listened  to  this  paper  »ab  i 
great  dent  of  gratification  and  pleasure,  because,  during  the  course  of  my 
service  in  the  Arctic  regions,  it  so  happened  that  for  cwrj  y%  ji*  I  m  not  atfr 
to  use  a  coiiipaak  at  all;  therefore,  I  am  able  to  appreciate  imything  tV. 
ira<  n  1  m  iii«  * .iitii  of  it.* 
The  sequel  i*  MOTJ  told,  for  Mr.  Hopkins  caught  :t  vicltDl  COM  *hil* 
11I  in  ,itt  erupting  to  <jcpn!.vi«ir  'in.  of  tin-   iron  ■  1  u\\      »nd,  although  W 

EotiaJrj  pacovci  d  h» ayatem  received  a  shock  which  ended  InoVwth    Ha 
nd  and  enthusiastic  spirit  was  spared  the  riishrjirlrnii  of  the  aas> 

success  of  his  method,  subsequently  brought  before  the  Royal  So* 

Mr.  Barlow  corrects  the  local  magnetic  power  of  the  iron  of  the  shiper 
potting  .i  piece  of  soft  iron  in  a  particular  position,  so  a-,  to  eompeasntr  fi* 
the  derangement  of  the  compass  produced  by  the  anchor*,  chains,  guts,  la.. 
ofth'    i 

Amongst  the  lal    An     deal  applications  of  magnetism  to  useful  pun«3 

blhal      1    '-:      '•  ■■!•;  .  who  proposes  lo  !tM  tin*  . 

Mr.  Pafet,  CI-:.,  in  a  very  able  paper  in  "  The  Engineer,"  thus  reports  en  UK 
■»  or  method  of  Mr  Saxby  for  in-tin^  mm 


x/M£yrs. 


difficult  and  r.fti 


rngmctrt  uut  it  is  *  mi 

orjrinK,  or  ol  i  bli  ■ 
'crfcoocrcomb  m  an  iron  or  steel  be  onljr  safe  waj 

•  by  cuciullv  bi  mpation  of  the  piece  and 

in*  a  i.  ;own  on  th<    'I: 

StTtf  weftd.  ami  the  thicker  parts  are  scarcely  extended  br  ihc  : 

upturint:  the  lur  at  the  flawed  spot.    !'. 
tare  many  t  caaen  wherr  thi*  procVM,  or  tfv 

prrvu*  onr  ol  m  kmpaltive  force,  •  icr  be 

MKJcall 
u*i  *n  uliir li  in'  tn. il  fUm  and  lolutiona  of  oonttniiiti 

tccted  would  be  of  cnnrmmi 
t  a  method  has  u  :.  been  discovered  (•  M.  Saxby, 

i  f  judii  iou  dfowed  by  ih<  Admiralty,  during  th< 

par,  t<<  lent  with  u  in  the  royal  dockyards      Though  compara- 

f*ew,  and  not  yet  completely  woiked  out.  the  process  will  possibl-. 
more  licfltion  than  finding  out  only 

m/l  posubry  in  can  i  KC*L 

H»c  principle  upon  which   Mr.  Soxtrj*4  method  it  founded  is  so  simple 
kectti:  i'i.ii  it  l:.«l  [jrrviauah  :  It  all 

know  for  .    i  half  tra)  when  mas*  of 

.•laced  in  ;;  n  ol  ihe  dipping  needle,  it  is  at  orn 

■   [mil-  m  oui  latitndat.  and  ihc 

irextr*.  rutfa   pole       In  ihr    lOOtheiH  hemisphere  the  pi 

Fi   fame  action,  only  weakened,  takes  place  in  a  bar  h.inp 
:.     ■:.    a 
lion  of  i'  instance,  a  long  bar  departs  from  thai 

t  magnetic  dipping  needle. 


■ 


kVhett.  trier  I  Fit  3*9k  a  small  compass  needle  i*  slowly  pasaed 

i    cry  good  iron,  placed  in  an  cast  and  west  din 
Je  will  not  I  from  iu  proper  direction,  which  is  of  cwirsc  at 

anglw  to  thi:.  or  north  and  aouth. 

.  refas  to  regularly  homogeneous  bars  of  best  qualitj      10  ban 

wt  anv  Btchanica]  iohitionto(  continuity.    Whh  Latent  il  fiawi  or  late 
ii.u  i    no  lonjp  \s  magaaHc.    h  qaj  long 

lenovn  thai  a  good  compass  needle,  or  a  Rood  pen  roust 

iiui  without  fiawi  in  ordei  louke  indicia,   iksroa 

,  -ri-li  h  •">¥   mf>AtiA£>>if    i.'/ii/r.'ii  #■/"  ,  i/trfrrruify  tl 

<>.*i*mi/>.  and  the  fr/iTen  bar  oi 
tuws-  wttcOur  pen'  a  i  ignetitcd  or  'rmporarily  so  by  the  indue- 
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■  i  m     \ 


■J  HOUND        1**1. 


Pffl 


^ 
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!  action  of  the  earth — i*  DO  bngOI  <'"<•  regular  n  it  wvrr.il  dlfffsrr! 

with  the  different  magnetism  separated  h  i.    D» 

.k-i:i  .i!.-l>-poi«d  iniiciu-i  "i  ,i  cHiiiuun  tan  tnu*  be  m;:  rr»«t« 

a|  iacl  continuity      the  above  drawing    Fig.  3>a?.  show 

I  results  ot  the  test  with  a  I  in.  bar.  i :  in.  Ion         I      ft t  rate  ihcaunw 
:n  «]  .  i   di,    cmrpfl      'Hi  .  -ofcracln.of  %o\num 

of  coriSniiiiiv,  in  tin    1 1,1 1  i)k>mk]  to  bj  i'  the  cq»u»iJ 

magnetic  plane,  or  ea*;t  and  west. 

••By  the  enlightened  pcrrniulon  of  the  Admiralty  Bo.-,  a\^m 

KtJtrd,  Ikik  ..Irr-.ul.    ti.-.-n   allmvcd  to  te*i   lii-  -rtlte 

il    o>  i  j  .».. .  ,i    .  ,  mi   Chatham,  and  we  «ri 

practical  result*  ol  thrkc  fxi>cfiinriit»     An  ."i  -•- 1  -often 

ii  .uL.il>;i-  m.iN  conducted  m  th<  ;■•.  the  (■**■■» 

l~  of  the  i  hu  i  ■  nginocr*  of  the  ro>nl  ra>* 


I    IN    IO* 


i  in  ly 


*fWtft    AT  M  TQM 


14  rouNO 


MOK(    AT  »  TOftS 


# 


l4  ROUHO 


ANME*UO 


M*HJ  '"/rjTewi 


t4T«B0MO 


■t on  K1  »  ;  TORS 


* 


Oft  **►»   BAH   At    D. 

Fia  ui. 


not    Awrun 


Mr.  Btxfry,  for  taftt&nec,  vtta  nrefaested  M  find  e  .-.ikesi  tf 

number  ol  <l  to  tic  a  string  or  make  n  ehalk  mark  c 

Immediately  ifierwarda  nD  ttie3e  bars  were  pt  .i*» 

m.     rncii   ■       ■  ■ 

.,•  Nxn  verified.     I 
le.  and  a  trm  the  weaken 

'[  he  irrtii    i  do  i 
ii    \.  - 

■  ■  -  propei  i  ■  ■ 
;.-i  mi<»!  tu^iinniftdevtcavocflv1 


KUfMf.: 


3*1 


!k*  purp«*r.      A 
of  I  in  "r>;«d  iron  *»mv  **<  ldi-.l,i 

kflg.      Jbc  rc^tllr  ticict 

LCNCTM    12* 


♦  ^ 


Fio. 

:  in-.,  ilu.-lynf  ■ 
ii    In.;     wlulmnn    >l    i  ontinmt)        II    *  an    •  ' 

rr  ft**- 

:  hi.    which  will,  pi-jli.th). 
t  ch\ruptirm  or  parting ol   if.-    1.. 

Kioi  which  iron  •*  built  up.    Itcan.ol  cnhv, 
f  results  of  the  chcmi< 
cct  cohmon  oi  lively  consider 

M,  wn  i'ii.  n  is  litus  >!•  abi  ihi  n«ic 

I  the  hum 

i  <  i  t i cl«  ■  ill  ■:  - 

...  m  |».i  I . ;     om|  d     ale   thotttd 

I  foi  finding  out  ») 
1*  it  *.     A  m  mi  nl 

ioer  -■  ten  dibit    uni  il  the  umple  m 

emUdncd 

'  which  open  the  poro  of  tfc  «*cre; 

magnetic  force  is  that  ni    it.    i  s  found  tl 

lo  direction  of  the  I 

ded  i  ■     i  nmagni'tin   ■  ■  were 

'•lover 

w(  i '-.  |'. -i'  i  wlirti  i:  ii  ul« 

|>)   tin    It.  ati  ig    if  '!w    rv 

-;..  .   i   ill  .       |  .      ■         . 

*«I  magnet,  heated  to  a  white  hc.\t.  loses  fa  magnetic  pnarcr. 

d  ma  'nctic  bj  IihJih 
uxi  i  ignetic  vjttoe. 

>  .nit,  haw 
be  po«cn,  and 

minute  .;'i.i-itiii'.  •  <>'  umgneti<   ; 

;.l,v,  the  ew  «  ad  1*  "• :  broki  i   ■  .    - 

if  Uu     iitign     ,  It  wd 

.:,  ii.   .,    .    :  :•  .      uii.ii  .    .    Inn    i  In    ili    *   n;.ii     •,  n;  i.il.  .   It   [ouitd 

Um  pomr 

-die  And  ;  > 
about  -j.'-.iil  tin  ncd. 

rid  needle  abort  the  magnet  to  the  grwattt 


&> 


distant*1  at  whi  h  ili<-  needle  w  II  n  m 
.nveof  ma^TKti. 

kwtmaeTictK*  power,  or  any  r>  *    .wdi 

inangiuiesr-.whii.il  I       id         •  »glu  he  hiul  | 

.  Ucst  magnet  ;t  power,1 
.  or  hammered  bra?,  if  the  oatim  any 

kffctt  Who-ustonc/s  test  needle,  but  not  otherwise." 


Mi- 
There  are  other   Lnfll 

cope      i  rotate 

a  auspended  magnet,  the  I . 


Ji  m^ht  be  thought  that  this  was  brought  about  by  the  motto*,  of  I 
but  the  nmc  c  i  even  when  the  copper  pl»W  rebates  ma-,i 

or  is  wholly  screened  by  glass  from  the  magnetic  needle. 

•  *m  Dt*  ->^.n.»,  w  r«<te*  InfcflnMioa. 
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he  apparatus  (Fig.  354)  exhibits  this  curious  property  of  metallic  plates  in 
ion,  and  is  usually  made  by  Elliott  with  a  variety  of  metallic  plates,  all 
hich,  when  spun  round  rapidly,  first  cause  the  magnetic  needle  to  deviate 
1  its  natural  position,  and  then  finally  to  assume  rotation. 
ben  the  experiment  is  reversed,  and  a  compound  bent  magnet  is  caused 
*rolve  with  great  velocity  about  its  axis  of  symmetry,  and  below  the  metallic 
,  which  is  carefully  suspended,  then  the  latter  commences  revolving  in 
ame  direction. 


FIG.  335- 


these  experiments  have  arisen  from  the  original  one  performed  by  Arago, 
irst  triea  the  effect  of  a  ring  of  copper  upon  the  oscillation  of  a  delicate 
letic  needle  which  it  enclosed.  In  free  space  the  magnet  performed  420 
ations  before  it  reached  an  arc  of  io°,  whereas,  when  surrounded  with 
iper  ring,  they  were  reduced  to  fourteen  oscillations ;  under  the  same 
instances  in  a  ring  of  wood,  the  oscillations  were  reduced  from  420  to 
t  300. 


jii*1    I  hi 

: 
■ 

I'.uru!  ;   ■   ■ 

■ 

i  In 

■ 

■ 

■ 

.i,  i in 

il 

• 

field,  ann 
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i  rough  poiai:  an  iron  t*  suspended  between  ihcm  Ml 

rod  odtCS  up 
'far  rod  c:   I  i  tif    ilk 

Mitt:  *txk-k  to  Ki^,  3jf, 


r^y^TO 


Pig 

B  ihtte  experiments  the  poles  ol  the  magnet,  with  then  NkVSl  « 

r.-mjfKlrd  *itb  a  ^lu»*  box,  likcthr  l.u  tern  of  a  balance,  to  proem 
lion  of  currents  of  xir.  Faraday  discovered  thai  when  0h  CnttahtOT 
rm  of  salts  of  metals  mat  are  magnetic,  web  as  ferrous  sulphate. 
aced  t*  *  gists  cube  ■  .    hey  do,  as  a  general  rule. 

i\  nulphal  11  |]ii 

position  it  iIm  'lined,  provided  the  metal 

ItAuytat  the  wit. 


*>-  Tkt  Or*  ef Bismuth  tiki**  //«  Equatorial  flout**. 

r     ctlsused.n  '<r%  pUee  »ilk 

I  by  both  , 
iced  .^Aeik  field,  h  will  take  ■  pUec  *t  ngtit  angles  to  the 

Ctttirnl,  ;*  thr  equati  ion. 


I'hoiphoru*. 
tncity.  and  the  second  and  tl 

-:!  from  a  single  pol>  ihc»*lvK  tn  the  equatorial 

between  tlit  i" 

1 1  it  mii'.i  pole*  it 

done  u  <4\vm 
■  i  i 

:1,4m! 
pUu»  the  equate  Lioa. 


UX—Tht  ffafflnn  tin  tTtffnt  ty  the 

The  preceding  eipinm.  bo4kft*Mi 

'.ill  exhibit  ili.c  ; 

." 
iron  till    ;•  --  when    .pi ml    cil  on  ,i 

Kwerful  nm;nr  .ntfaj 


Thi*  mode  oi  experimenting  tl  more  delicate  aa  x  teal 

the  use  ->!  cbc  needle,  Already  .vlludeJ  to  at  pace    ' 

.        .  ... 

■■    chi  n  i 
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THERMO-ELECTRICITY. 

In  iftao.  (Tinted,  a  Danish  icii  nt\fi<  mon.di*  overed  the  connection  btt*«« 
iiv  .in  in.    H  was  not  found  where  phito*o)>i 

1  lu-v  tin"!,  ii  to  .'.\w.  itc  Nature;  and  as  some   I 

ii  i  pas-sod  thnoacVib* 

containing  them,  they  subjected  other  pieces  of  steel  to  -.he  disctnrp* 
powflTfdl  Leydefl  I. nunc  without  producing  ibe  effect  they  rayocted. 
1 1  ■|.m!  luiinil  ili.it  ili.  •  1<  ciricily  in n-.:  In'inni.:.  ;i  dynamial^to 
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M.  A  n| .;■!.  ,  who  took  up  the  subject  directly  after  lEntecl  had  pubfctfcd 

hi    i  laid  the  foundation  of  i  ies.   He 
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-:h  the  attractive  force  davniusDcd  to  36  lb. 
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t  10  rt^Xt,  it  is  called  a  dcxtrurs  .1  col 

fards  acr;l  na  thr  oim  din  >  ix. 

:  steel  pliccc'   •  :  carrcnl.  it 

If  thcuinc-- 

'    ft.  wrfscv,  a  picci'  of  \n  <\.     Elccuncil 

■ 
■    ::  '  . 

xl  whilst  convtjyuui 
deer     -  noves  frcdy  round  in  a  circle  (I  31 


.35^—  /*<**•  R«t*ng*t*r 


///  //  /  / 

nTTTTTl 


-i^ht  portion  of  the  wire  is  conveying  ihe  current  from  beloi 

repelled.  b©t  attracted  if  the  j-omh  pole  issubuitutod:  and  ihui 
!i-  pole  lor  another  in  |  u  the  bur 
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lownb  the  suspended  rcctunguUr  »itr  nhiNt  conveying  the  electric*! 

ft-  ^51  -tic  direction  ©f  the  current  circulating 

i  of  4  magnet  everywhere  In  the  :.«nc  direction,  vu.. 
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.and  pcrpcuLniUr  t«>  ihc  axil  "f  thl  mafmrt      ll  a  ihw  hypothesis  of 
w  conuitutkin  of  magnets,  shown  in  figs.  351  and  j>:.  and  which 
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Fig.  353. 


FlC.  352. — Magnet  suspended  in  a  perpendicular 
line,  the  Current  flowing  horizontally, 

explains  (Ersted's  original  experiment,  and  also  all  those  that  ret 
deviation.  In  order  to  confirm  the  hypothesis  to  which  he  had  be> 
the  nature  of  magnetism,  Ampere  endeavoured  to  arrange  electric  ci 
the  same  manner  as  he  had  conceived  they  were  naturally  arran 
magnet. 


FlG.  354.-  -Magnet  revolving  around  Wire  conveying  the  Cm, 


Thus  a  flat  spiral  coil  of  wire  (Fig.  3$3),nicely  supported  and  resting  < 

and  perfectly  mobile,  takes  a  position  perpendicular  to  the  magnetic  1 

By  reversing  the  experiment,  and  causing  the  wire  to  be  fixed,  and  th 
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To  Faraday  is  due  the  credit  of  realising  the  idea  that  the  mutual  reactiot 
of  magnets  or  wires  conveying  electrical  currents,  and  vice  vers&>  should  pro- 
duce rotation ;  and  he  was  the  first  to  cause  a  wire  conveying  a  current  to 
revolve  around  a  magnet,  and  the  latter  to  rotate  about  a  wire  through  which 
the  voltaic  current  is  passing. 

These  original  and  philosophical  experiments  have  been  extended  to  larger 
apparatus,  and  various  attempts  have  been  made  to  use  the  clectro-map*tic 
rotation  successfully:  Dal  Negro,  1832;  Professor  Botto  and  Professor  Jacob 
in  1835;  Mr.  Thomas  Davenport,  of  the  United  States,  in  1837;  and  Mr.Taytar 
in  1839. 

Davidson,  in  1837,  placed  an  electro-magnetic  locomotive  on  the  Edinburgh 
and  Glasgow  Railway.  The  carriage  was  16  ft.  long  and  6  ft  broad,  and  weighed 
about  5  tons,  with  all  the  arrangements;  but,  when  put  in  motion,  a  speed  of 
only  4  miles  per  hour  could  be  obtained. 

Professor  Page  constructed  an  electro-magnetic  engine  which  created  modi 
interest  at  the  time,  and  he  calculated  that  the  consumption  of  3  lb.  of  rinc  per 
diem  was  equal  to  one  horse  power.  Page's  engine  was  followed  by  those  of 
Talbot  and  Wheatstone. 

Mr.  Hjorth  exhibited  in  London  an  engine  which  found  many  admims 
The  attractive  force  of  Hjorth's  machine  is  thus  given  by  Mr.  Hart,  from 
whose  valuable  paper  the  above  historical  details  are  taken : 


72  lb. 
80* 
88  „ 

124  r. 
UO  •* 
l60   H 


Fig.  357.— Hjorth's  Principle. 

but,  like  the  rest,  it  was  abandoned.  -. 

Dr.  Botto  states  that  45  lb.  of  zinc  consumed  in  a  Grove's  battery  are  s^ 
cient  to  work  a  one-horse  power  electro-magnetic  engine  for  twenty-four  ^fj 

Mr.  J.  P.  Joule  calculates  that  the  same  result  would  have  been  c*t**'*j 
by  the  consumption  of  75  lb.  of  zinc  in  a  DanielTs  battery.  Mr.  J<***T 
Dr.  Scoresby  thus  sum  up  a  scries  of  tx^ervme*^  tWflWkw*  \Jyaa  the  who* 
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irselves  justified  in  fixing  the  maximum  available  duty  of  an  electro- 
engine,  worked  by  a  Daniell's  battery,  at  8c  lb.  raised  one  foot  high 
pain  of  zinc  consumed.  This  is  about  one-half  of  the  theoretical 
iduty.  In  the  Cornish  engines  doing  the  best  duty,  one  grain  of  coal 
\  lb.  one  foot  high.  Zinc  i.  #orth  about  Z3^per  ton,  and  engine  coal 
ess  than  £1  per  ton,  delivered  in  London.  Comment  upon  this  is 
iry. 

H  is,  an  electro-magnetic  engine  is  a  very  pretty  toy,  and  can  be 
!  Mr.  Apps's  half -horse  power  engine  (Fig.  345,  p.  370),  to  turn  a 
ie,  or  propel  a  small  boat,  or  turn  whirling  tables  or  other  apparatus 
rture-table,  *>.,  where  the  cost  of  zinc  and  acids  from  the  battery  is 
sequence.  Mr.  Apps  furnishes  the  following  particulars  of  the  above 
retro-magnetic  engine: 

ht  80  IK  When  driven  to  400  revolutions  per  minute  by  20  cells 
itina  6  in.  x  3  in.),  a  half-horse  power  is  obtained.  It  will  drive  with 
ility  in  either  direction,  or,  on  reversing  the  current  by  the  double 
:or,  the  magnetic  power  produced  is  opposite  to  the  momentum 
'  acquired  (acting  bice  a  friction-brake) ;  the  direction  of  rotation  is 
and  in  about  three  seconds  the  former  rate  of  speed  is  acquired. 
ry  important  point  is  gained  in  this  machine.  The  current  being 
broken,  the  spark  usually  produced  at  the  breaking  of  the  contact  is 

Besides  this  great  advantage,  the  residual  magnetism  is  destroyed, 
me  in  the  old  machines  diminished  their  power  by  at  least  one 
The  machine  is  well  adapted  to  drive  a  lathe  or  the  screw  propeller 

boat." 
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military  purposes  generate* 

d  im  mne  mimici  in  many  otbor  modincacta 
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■ ;  and  Dr.  Henry* 
Kcw  Jerv^  ■  ;iiTitin'iiu  fdmcriutd  in  1 K jj*  nith  rt;it 

v    Ime  cover**")    o]  rp«  -  win 
fniirth,nncl  fifth  rwdei  could  he  olHainn 
arranging  the  insulated  copper  ribbons  and  the  hclicr*  of  fn 

rjr,"  No,  00,  1--,  harles 

ribca  a  raoK  interesting  senw  of  <  .  •*  On  the  Auj- 

a   Mnimrt  by  the  reaction  thereon  of  Currents 
M**r<t  H      I  follow*: 

nefn  electric  machines  which  hive  btfn  hitherto  deicribcd 

ro-magnei  dcrii 
a  flii  .  b  ci  d  in  the  I    wi 

■  <n  electro-may.' 

Magnet  by  the  gradually  aug- 


j8o 


*•  I  hi  followine;  i»  a  description  of  ch  a*  of  uV  i 

nognct  I  «m» 

that  of  th.  in  of  Mr.  Wilde's  machine 

i  h;  ccec  of  ro-matzaet  i 

ii    t  ;.|  in    I,  m  ■       '   lili      »     i!    .-  i  ..      ..  .:.!       ..-'    t  .  '.      /.I 

Lited  ■  i«  ■■    ■  "***¥ 

"  i  ingenious  construction,  consists  of  a  rotate 
9|  in,  ui  length,   .  ixi  .<  il  at  twi 
coaled  upon  it  tonKir>"  -< led  is  So 

factro4na£  ■       ■  i. 

■  i    ■■  i.   vxt  ilcil  I  4"B« 

njrp  ihjOf 

as  of  a  rhcotropc  be  owcrterf  i»4« 
lame  direeni  m. 

'I  i  111.;  trm    : 

lor  be  removed  from  the  electro  mnpjiet,  on  causing  the  am  -v«4Vt» 

,  Ei  *?II  be  found  by  the  interposition  of  a  ijaJvxiou 
ihat  liul  vi  Though 

becon  irlion  to  th  .-*<*«- 

as  action  of  a  currcn'  Mitdt 

unuunt. 
it  if  the  wire*  of  1  he  two  circuil*  he  so  joined  as  to  fcfiaa  single 
mt.i  '  t.cu-nta  tfenemied  by  th 

. 
magnet,  very  dittcrcnt  results  will  be  obi  force  required  tow** 

the  machine  will  be  far  greiur,  showinj;  a  great  increase  ot  i*** 

in  the  horse-shoe;  and  I  -     01  a 

Ml. ;,[»!. ni. 

xxp6>  in  diameter,  by  Ils  makinji  a  powerful  electro magnet, 

•The  rapUnationof  il  1  .\rs:— The  clecuo-rru^B' 

pcrm»imii 

route   direct  ion  1   :r.   lh.   coil*   ill  '    . 

nunc  direction*  pass  into  the  1  nt  ol  1 1 .  >«wh  «m: 

aae  the  mnpiettsm  u!  ihc  iron  or.-- .  thin;.  »  ™**ftaH 

accession  of  Mn  agtb,  product    in  its  turn  more  encr*;- 

u;  armature;    ind  l  naff 

icd,  depending  on  the  rapidity  of  the  motioa  and  t.V 
■    net. 

"Ifth  hi  m  ils  be  1  mnectcd       ■     in  inner  that  the  recti? 
the  coi!  ••(  ill-    hi  mti  .  tutu  I  lie  mil  uf 

a  rontr.ii 
■  "vquently  the  incflCAtioil 

*  It  is  easy  t  a  the  residual  m« 

the  ektcrmimTi[  cmu 

ciens  to  pass  a  curmu  from  a  voltaic  battery,  a  iragr.- 
any  other  rheomotor.  into  tne  cotl  of  U*  dtetjo-rra^ 
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aaii  r  *iU  invariably  he  found  that  the  direction  of  the  current,  however 
p9#cr.rui  uolly  become,  m  la  K  iordftnea  with  tbi  poUntyof  the 

impressed  on  tn<     ran    ore. 

he  (uncmi  m  the  coll  of  the  routing  armature  being  ro- 
iioii,  tlicy  retain  thvir  .ill.  r.i.n:iinv  nn  ,  ■ 
till  one*,  arc  produced,  as  no  acctunuUti*  >n     I 
nu^iicitsiii  1 1  li-it  takes  place 

I  attention  c<   thi  fact  thai  rtieeigtrcAcbj   ire  produced  >t 

'"i  •  nmpleting  the  comlm  >  '  lb         fb    R  To* 

■    ii.ivu>g  been  put  in  muiinii,  .u  ilir  !u>!  miMin  hi  t.i  eornntotio 
.  in.  ul  pl.iim.i  wire  «.t.  mi.uI,  p  d  hot      iu!  immi  i  lal  rj     "-  ■  ^ .u.K 
ticziw  disappeared,  .inci  only  about  one  inch  tA  tin  wine  could  be  pcrma- 
kepc  U  a  red  hcex.    laneununutSo  at  s/mi  aecemp..    i 

of  ili.-  resittano   of  the  m:i<  hin.-     The -mum,*  of  the  momentary 

line  from  its  acquired  momentum  continued 

ids  though  it  required  a.  strong  ihm  cook) 

tl    :  [  (..  i  r  il .  l  : :  i    thai     mot  Id  II,         I'.irli    I  Milt     lln  ■   ■   ;:      i::l     ||    IimWll    :     ul    i, 

cnapi.  ii  feet  re  un. 

"On  '■  coil  ol   in  indue  torium  (Ruatnka  into 

'-"•   it-    ii  hirfned  by  conneding  the  coile  of  theetectro-magnei  em    rotating 

I   occurs  in  the  second"    co       On    tcconntoi     ie  great 

nsuuncc  c4  lit,  which  now  aho  includes  the  primary  coil  ol  n  <  in 

i   .  the    urrcnt  isnol  in  sufficient  quantity  tn  pro<lwi<-  .m\  noli  re*  hk 

■y  rcmarLtble  increase  of  all  the  effect  .  .n*<  imip.uiuil  liv  a  iliminu- 
Isn  m  lid,  n  „  bjne,  is  observd  woi  n  I  CrOM  M'inc  it  placed 

du  '     t  portion  of  the  current  from  the  electro  -magnet.      I  hi 

r  'ii  nun    Hue,  instead  ol  :".'l.'ir.    into  redness  and  th<         ■ 

■■i'  .  n  in. un-  jHTiii.uii'iill)   ignUfsL     Tlie  tiulin  luriuni,  i'.  |     i  Q  ESVQ 

I  .in  ro    in   m. h  in  length  .  » 
outilj  i  il .    tnd  all  the  uUio  '  ili '  i  -  were  similarly  ini  •  inn  d, 

u      for  tl  I he  rouowtng  «•») 

Tboti  nch  ol  the  tnuenl  i*  dnerted  fiorn  llie  elect  i IgDCt  b> 

•m    the  magnetii   i  fret  still  continues  to  accumuUlt    though  not 

k  w  tu^ti  a  degree;  but  the  current  generated   by  the   nrm.iturc,  passing 

hort   tircuil  formed  by  the  armature  branch  and  cross  wire 

i  .mcc  than  [f  ii  bad  pi     Vd   thfOUgtl   the  alWatBOC 

a  branches;  and  though  the  elect'  "»rce  is.  Ires,  the 

"■■stance  kivtng  been  rendered  I       In      much  greater  propomon,  the  result- 

■tteff  ner. 

isr.  observe  dint  a  certain  amount  of  resistance  in  the  cm 

be  too  'M'.ill,  the 

Uttm-  ml  if  it  Ik-  tOQ 

tic   n.i  -ih-iimh  bei  omes  stronger,  the  uv  reuse  ol  mlvanof  more  than 

■ 

"But  Uk  effect*  already  descril    ■  :  fa      I to  those  obtained  1>\ 

|i  ai  .   :n  iu  ■  .  :,,- ,      ire  ii  •  If.     With  the  same  .ipphcn 
.    ?  vn   f.t  platinum  win   ncrc  made  red  ln-i.  .■:»!    iparlts  were 
■i  in  the  inductonum  :i  in.  in  length. 
*Thc  force  <-f  two  men  w*»  employed  in  these,  as  well  as  in  the 
•intent*  When  the  interrupter  of  the  primary  coil  was  fixed,  the  mac 


J«* 


*a»  r  to  moirr  than  when  rt  actrt.    For  »Vn  M*  wl 

*t  each  moment  of  interruption  the  crou  wire  best*,  as  it  were, 
wlW.  <d  through  the  ektlro-AtAfncU  - 

^renter  amount  nf  magnetic  energy  wsu  hile  in  the  kol 

h  ihc  cross  wire  was  complete  Ibe  current  passed  mainiy  OjviiI  M 
I  .t>  ooaL 
"Ti  nflu  need  byaresictaacc  in  tbu  edactro-asriB 

branch  ibm  in  either  of  the  other  br  .inches. 

'  ■  prttMry  a 
.   . 
ul*  $J  in.  of  flu-  tine  plttinuin  tfce  cro-w  vire,  5  in<  A  thn 

>-*iag?icl  Iirarxh. 
"  Wh 
the  crass  *  only  about  a  tew  feet,  the  iftlcKsi:  «rrer«MS»* 

1 1  ;nel  branch,  rwnarninl  with 
hen  the  t  ivZwctorvjm  »  1 

in  ibe  cross  wire,  the  relative  intensities  were 
•in."  will  racndos.  ih  1    *n  c»>ient  analog    •■ 

Aljjplli  :  .1  vr.-.ik  ti 

■-If,    ami    lliat 

lf«L     111  V.'l    ('||       hi  ilh      t*K      «0 

.  my  wiill  ijuaniu  . 
*enc  fomented 

■   Lhc  mo:  I 
Mr.  Wild 
papers,  such  as  "the  Lngincer"  and  *"Tbc   M«cfeftr>-c's  Mai 

re,  proposes  tognc  drawinfisoi  Mr.  1—  . . ed ■%Jrt* 

:oos«*lk> 
Society,"  No.  v.  > 
-|»Ji 

of  x  Sierra  ti  .tunr  and  *i»  in  1 

■  m.n  .       >|i<  11    in)    ibj  •  1  '-  in     In   ..     -  ■  I  ■  .ip  m*<  h    -..-  for  I  I    ■      :  tM 
)u--crv      This  mi  M  nuking  culu  magncta,  AAV 

■rmal  wn*  dirrrilv  between  1  h «  ie  araurafe  ftaranna*  s) 

:hr  an- 1.  ■  I  mu(d  send  a  very  conxirrAblc  p-v. 

fnAjnct.  ftc    It  was  then  WKnled  to  me.  br-  my  as*. 

hod  two  w.rc<  iir.ic-.ul  ol   toe,  the  (N  betas;  «a 

wire  nirroundinK  the  magnet  t,  their  po*er  would  be  nu^memv  L 
sidcrablc  current  might  be  obtained  from  the  ochct  wire  *v.>. 
work;  ini  lube  two  Aim  aturai  bepawafof 

atkI  r  hi.4(|i  1  nj;  or  other  purposes.    ^^H 

ixryinu  this  out  u  1 
C    W     Sirmc-m      1  id    F'n.l  1     A'l 

mnnili  ai  the  idea  r*x>  lues 

*- 1    11  >:  ;*  -ii  y  ',  <■  . 

■  of  *nfi  in 

.it  ci  b  1  when  the  bars  Are  placed  one  above  tl  .'iowwj 

space  kit  between  lhc  op:  uC^IbH 

on  each  of  the  irm.  j<  ten  yard*  ,  Cwfjpa1 

cotton -covered.     The  current  Ren- 
connexion  with  the  ekctronu  <d  the  current  ftotn  the  scsesul1 


I  win  perfe« 

tfc« pnoofOe .  but  with  ihu  vmll  nt.  theaoJpli 

Id  no*  call*  hi*  improved  m.icdin:,  afcictl    l  0  hoped  mny  be  pCT- 

t  wet  di>  at  I  isc  as  neons  f  cite 

*l  pupo««fi,  th  \ftoj. 


Fkc 

midline  wr.  awarded  a  I  tin   I  u  Liott,  1S67. 

161),  onctrvcMd  !»y  Mr.  I-*dd,  1% 

1  the  tw»>  ftrnurtttrei  Me  mi  1  no,  and  iftic  coils  are 

'»  oihrr. 

1  ;   *rr  dimply  rcRii^>  IXDOUBl  nf  mn  Kmial 

■  ■  n  ntc**s 

1*  (in  li  prodnoci  Im 
LttM  this  ultimately  turn*  rhc  dyi. 
i//r*  coil  gtAcmtci  an  electric  carrcrru  by  «hich  ttie  electric 

1  n.i<  hii 
of  £ptsi£  shocks  and  lor  medic-*!  u:.     [Fig 
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nti**3  jftr  nttmg  A  uus£— Tal  netonAl* 

■ 

l)    <■       -Ml    'II       IllHO 

■    -:  i.l-  .  •   Ht    Kick  n 

A  1 1  I : 

to  move  an  iron  fader  before  the  ends 
Inff  this  feeder,  the  strcnjnh  M  ill )  OOTtftl 
iled  within  . 

:%eryfa! 
■ 

tlic  bra* 
rr«*  >> 

lis|>|irm  i 

:  ..    4  t\,    •  !.  . 
.  or  altogether  ceo*  ■  fM>i 

bee^  ilimn  ik  o  iluc  Ikfj 

rat  uimwi  thr.  edge  <ii"  the  ■feed 

now  eocrvr  i  thcti  luctlon  m  *rictim*-: 

induction  coil,  the  induct.  ■    Ruhato&Ti 

mm:  Maker  in  lJam  made  a  i»J  *lu;h  yredujew 


!.'  ti  •XTJx'IC/fV 


I 1  and  London  a  profound  aanaatton  of  aurprite  and  delight  at  the  beau- 
tiful Uyht-<rTcri  tble. 

Mr   HeardcT)  of  F'lyracnrth.  and   Mr.  Ucntley  subsequently  made  coils  ol 
vjicu  i  :'-'  Kf-  l-idd  i»  (in.  M-'viccabk* 

gppwmtm  which  would   a)  moat  wdi  lit*.     Aver) 

"iXt  coil,  h.iving  ii  vcoondajy  •_  «ih,Ius  Imm  keen  usetl 

*i  the  Polytct  [inn       li  consist*  <>(  ili<-  usual  primary  ooQ,  wound  iouiu.1  ■ 
'"tf'lof  iron  win ):  around  the  secondary  coil,  of  the  required  run 

miles  in  length.    "I  he  condenser,  eornposeii  i  i    titernau   thccti  ol  tinfoil 
"  tell  dried  and  odcr  (be  coil,  wad.  by  maids 

oroakjnc  Gom*ct  viH.     i     nma/y  bya  con*.  Lmcnt  •vontact-brcaker 
lous  currcni  ii  induced  tn  the  second  ir; ,  wh»  li   produce  .  the  must  bl  D 
H  ulu 


y.$  - /VnvArrV  T**t 


|ar  or  Le>dcn  plate  nay  l>c  tneev-anily  charged  and  dischs 
miiipimi*  rtmr.     I    .  immediately  aei  on  (ire  when  bald  b 

Tnh*>  r4  uLiiv  are  filled  with  vanom  rniari  <"  liquids,  or  • 

un  •>(  ii-   u-mii,  because  thi 
mtjm,  the  taat  fl m  which  had  been  permitted  to  enter  the1  tuba  alooa  reprs> 
'1.  [  aated   iti'ifrtphere  through  which  the  electric  current  p 
The  reader  is  rel  erred  to  Dr.  Nond'i  little  hook,  mtrt  led*  'Ihr  InduCtoriom, ' 
unrip!  i.Mirchill  for  Mr.  Ladd,  for  :ill  th.  u-t.uK  connected 

[be  primary  coil,  the  secondary,  the  condenser,  and  the  thousand-and 

IB 


brt*t* 


UK    ,,    ill. 

1  .  bcwj  made  pouti  ■ 

Wifcfic^*ii  ry  broad 

ftenpjkwrflt  from  the  preceding  rtgura  tti  ii  [h 

he  Rcucrout  and  Lir>;e-bc.iruxi  rand  of  ■ 

1  ixcments 
'  wen  is  thai  of  Mi.  Apps  and 


u 


: 


'ffiHl 

■xjr. 


'Hf  uk  ol  the  elccxro-iriagnetic  online  t •  ■  r  iotali*c 

..,  Ill     ,U1 

■bes»  is  attached  to  the  buck  polished  dix,  uo 

i       n  l. 
Ihruu   li  ii. 

vets  produced  by  th< 

\  '.In- "  ". 

«d  \yf  I>i  !  ij;    jfiSl 

■ 

fiiI      ii.  li  SO        i     .  n  OUlOJ     lulir   lil  - 

ie  neck  i 


;■> 


k 


Ac  (be  pcoiccl 

button,  winch  >1 
by  a  spnn^  wl 

■ 
of    th\    npivn 
screw  k  to  bee 

the  *- 
doewfton 

in  ewtaM 

■ 

e  appoint 
n  tan  n 

nad  air  or  I 
Hit  oa.'b  :bc ! 

com  - 

I  p.       -  Crf. 

TW  «r 
1i  Ijy  meats  of  a  Madder  or  i»£U-rabbcr  baft,  or  draini 
aspirator. 


•,  who  his  already  done  M  a 
proceed  required  in  the  nuniaUcturc  of  tug*r.  has  facetted  tb< 

■       •  -X,  all' 

jp^K-..r»  -..i  I*-  n  oljruinintf  enou^*1  oww  for 

c*prni  i 
11' 

I      ■     F» *nd  nil 
proved  it :  Kid  he  dnnc  i  *ouM  luw  c- 

Cbo  Mammoth  ]  od. 
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THER  FCTRICITY. 

produces  nu£ncium.he&i. light. mivhAni.-T.ii.irKi 
opposed  t»  the  harmony  of  created  toices  that  heat  should  produce 


—  .1/.  />**" 
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above  ti  eofiitasoJ  tbtrty-sia  d  th  utvaiUn 

.  of   13  p.im  erf  mtimnny,  5  01  ihx  . 

tof  bismuth;  .which  an  ,ofooppci  n  |Mn-. 

!  v  And  r>l«  ■  C  ntngcdOfl  .1  :■  Anting 

cctiouil)  referred  to  by  a  writer  15 

jWh'ui"chcjmut  roaster."  the  positive  bard  the  riist  pur  b. 

of  the  second,  aisd  the  two  extreme  bar* 
ted  with  bin*  of  the  battery.   The 

aids  of  the  bare  art  heated  by  a  *erie*  of  Dunsen's  burnetii ,  the  throe*  oif 
a  Ur  easily  rcKulatcd. 

i  ■   .:.   hi  '    und<  ■■:•■■■  h  a  kcotn- 

'i  •  >>ur*e  very  feebly ;  it  jaw  •  irk*  between  iron  %• 

,n<r  of   j.   i  (ill,  ,.t     n<  I   !■     WppOri  .• 

Able  ireight. and,  when  c-'nv,..  t.  ,i  ,.  ipaikl 

rrc  very  marked  In  then  chancier  and  lcnpth. 

now  tn  ;i<k  how  thi»  ap  n  which  hent  takes  the  place  nf 

rnacal  action,  or  marnctum,  elicit*  electric  force. 
apparatu:  dnr  figure,  made  of  bismuth 

rile  supported  inside,  well  exhibit*  the  thenmo- 

by  a  tfirit 
the  needle  :ic  kjIs  anornecer  *ith  the  voltaic  rirot 

x) 
tbrnno-ciectri:  *pv  ?^d 

dncaJ 

bed 
coatrivince  on  the  »tnnd  for 
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MAQNETISM. 


Fig.  yj\.—Pouillet  Thermo-Electric  Circle. 

completing  the  electric  circuit  in  any  direction,  is  another  and  most  perfect 
arrangement  for  showing  currents  of  electricity  obtainable  by  the  exciter, 
"heat."    (Fig.  371.) 

On  the  second  or  third  page  of  this  work,  in  the  article  on  Light,  Melloni's 
small  and  compact  composite  "thermo-electric  pile"  is  specially  alluded  to. 

When  the  writer  was  a  student,  thirty  years  ago,  he  well  remembers  trying 
experiments  with  this  beautiful  contrivance  for  showing  minute  disturbances 
of  heat ;  and,  at  that  time,  it  had  the  reputation  of  being  delicate  enough  to 
show  the  heat  of  the  body  of  a  "  fly  or  a  blue-bottle."     Exaggeration  apart,  its 


FIG.  372.— Melhnfs  Thermo-Electric  Pile  or  Battery. 

power  to  show  the  slightest  heat-wave  disturbance  has  never  been  equalled  by 
any  other  apparatus.  It  consists  of  a  series  of  pairs  of  very  slender  bars  of 
antimony  and  bismuth  soldered  alternately  together,  and  arranged  parallel 
side  by  side,  so  that  all  the  soldered  pairs  are  at  one  end,  and  all  the  solders 
not  pairs  at  the  other.  This  apparatus,  mounted  in  a  brass  tube  and  placed 
on  a  stand,  is  now  the  special  attendant  at  all  lectures  in  which  the  dynamical 
theory  of  heat  is  taught.     (Fig.  372.) 

The  late  Mr.  Francis  Watkins,  the  predecessor  of  the  Messrs.  Elliott,  paid 
particular  attention  to  this  subject,  and  constructed  a  "  Thermo-Electric  Com- 
binator."    Eighteen  pairs  of  bismuth  and  antimony,  united  alternately  by 
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Fie.  373.— Van  der  Voorts  Thermo-EIectric  BatUry. 


solder  top  and  bottom,  and  fixed  in  a  mahogany  box  by  plaster  of  paris, 
leave  the  two  extremities  to  be  acted  upon,  the  one  by  heat  and  heated  iron 
or  boiling  oil,  and  the  other  by  cold— some  ice  or  a  freezing  mixture.  All  the 
common  effects  of  an  electric  current,  such  as  the  spark,  &c,  can  be  shown 
with  this  contrivance. 

Thus  the  corelation  of  forces  is  complete,  and  Light,  Heat,  Electricity,  and 
Magnetism  resolve  themselves  into  each  other,  and  represent  probably  a 
series  of  waves,  every  one  of  which  is  different  from  the  other  in  the  phases 
of  its  vibrations  and  resultant  form. 


TFIFGRAPHS, 
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ja*y  of  l*c  ft'ftneh   Exhibition  of   185$  tbua  repon 

dr  IVbcin-ciw'  entre  fcs  pa>^  sc*pa*6  por  U  met  D 

dc  cables  pctmcuUcrs  unlstant  entix  eft     lei   fl  iltonfl 
combicn  dc  trarajx  n'a-*-il  p»*  fiillo  poor  .ittorulre  CC 
nt  que  fcs  cnieMion  n\  Ttoo1ue.cn  ne  pcut  tint  admir.11  ion 
de»  de*p*cfce*  le'leflraphlques  ■ 

ri'ji:  mom  de  ir.     Cfetf 

^  i|m    i'-m  x  pu  mettre  en  relation  nflegr.'i 

I    lc^  [up  rufin 

hvfpe  ,i;:rS -i  p.-.  •  .  •,,   bicnidt  rEuropeet 

avot  ition  trb- honorable  pour  M.  Whciestonc 

rcdu  Jury  do  la  IX*  done,  pour  ^  1  ttdoe  pre- 

a*»oir  propo**,  «i  1&40,  un  moytn  di  rtwudre  h  qucMii-n     il 

ti  net  ion  a  M,  Brett  (Royatrme  Uni),  sous  !a  direction 

an  conducteur  ju  travers  de  ta  Kindle,  m  tfTtt 

a  monir*  ajoti  ouc  he  pottiblc-     I.p  Jury  d**< 

mo  mention    trH-hunor-ible  a    M.    Cnmptoa     Royume    Uni), 

de  U  V*  iIimc,  auuuel  rev  lent  l'hunaeui  d'avu  ■  11 

iUfiri:h-*rmrnf,  rn    lfl5i.j1.11    I 

;lcterre* 

BdiVi  Igner,  A-  U«  U  1  ■     .       1  Win 

routtc 1  ii  i-.i  ci  ■■  ih 
lo*opheT  who  wis  the  nnt  to  contribute  by  his  labours,  is 
were  pcrKTcnnf,  inpivmt  I  tdcfrtBhy  the  practical 

mow  po**<**.-«  ifc,  witlinut  any  doubt,  Mr.  WhtniiMnc.      Thi 
MfOmrtm  was  led  to  this  beautiful  result  by  the  researches  thi 
upon  the  velocity  of  .  tearchti  tn  which  he 

m  Ii-,    in    length,  and    which   had 

0  <iu  Ii  (l(     mi !  rta  mi   10    ' 

1  through  M  llit-*  letntth 

il  the  onlrr  nt   fhr  mvrni  urn*   Mini-    liy  Sir  Charlm  WhrAi- 

teterraph.  It 

ntinu  telegraph,  ifi 
nagwdc  alphabetic  dial  telegraph,  1S58-60. 

,8— 1667. 

Whcatstono,  m  addition  10  the  oiher  honours  he  has  lately  re- 
been  eaten  Ucc  Faraday  as  one  of  the  1  ■     ■ 

I  f  ihi  liana  'K  lie  s<  ienie,  detia  del  XL  "and 

■  lirtt  gold  ni  l.y 

'.::rii    in ■  1   wtion, Signal  Nfattececl, tohooovrme mo* 

'  vs; 

the  various  r  physic*  1 

ophical  I 
pventive  genius  which  c«r  disi 

,  rri  J  we  owe  the, 

,  as  ingenious  as  rt  1*  original,  for  enc- 
and  the  dutaaon  of  the  spark. 


w 


MAGNETISM. 


"Tin  ttlonl  of  the  principle  of  the  rotating  mirror  are  v.. 

•ndsovanous  ihm  Ihujdiai    i  «  mm  be  considered  a*  ooeof  those 

haw  I  !•■  M    ■ -"itributed   in  ilir»r  laltn    Umm  In  thr  prop* 

"  \i.t  )»-,*  in^rninii*  -a.i.  llu-  mvrnuofl  of  the  stereoscope  and  ol  tfce 

by*  u'lnri  i'.  'buua  the  pcra 

lion  of  relief  from  the  simultaneous  observation  of  two  plane  i  onsets. 
"  Aim  thr  memoir  on  the  measure  or  electric  currents,  and  on  all  ike  on* 
iv.huhi,;.  i  and  10  the  law*  of  Ohm,  has  DowertaBy  cootrtMaW 

to  spread  among  physicists  the  knowledtp!  of  those  facta  and  the  nrdr^ 
irnaiurinr,  tin. in  wiilt  an  accuracy  and  simplicity  which  before  »c*i» 


All  physicists  know  how  many  rescarchr*  havr  since  been  «w: 

xt*t  <*rc  p.  33J)  and  with  the  vxalled  Wbenisaonc*s  hoop; 
:-/-('.»lly  tin  •■•  inatrattSCDti  li*%c  i«ra  applied  to  tbc  mr.vmrc of efeC 
tnc  i  >;anrc  of  circuKv  and  of  electro- motive  fore- 

"And  here  i!  would  be  impossible  lo  leave  out  ol  view  that  to  rem  *e pea 
eiwattj  owe  the  practical  invented*  and  the  true  rennxafioo  of  the  efcc* 
telcsrniph. 

"Finally,  I  woold  cat  to  mind  year  recent  researches  on  the  a 
of  the  force  of  a  magnet  by  the  traction  which  it*  own  enducod 
exert  upon  n. 

-  All  these  great  act^mhion*.  procured  by  yoe,  lo  phvskal  science  r«n*T| 
yon  wtD  worthy  of  this  distinction  from  the  Italian  Socsrtj  of  flu—  t  ■. 

••-■seivr  yoorseu*  ia  health  and  activity,  and  yonr  coia-nry  and  all  snT 
adnurm  nod  anvods  are  crruin  to  fcnd.  In  the  ditcorcrsra  u*\  to  be  a*ss« 

tabic  tons  srhich  natural  philosophy  has  received  by  the  dcssAof  iaradrt. 

la  addition  to  the  nymotn  b>  Sir  Charles  Whcatsfnn*.  ■■■nr  1  to  by  S&* 
Mattcvtci  the  feNowinr;  n*ay  be  iPtcsdrr  noticed: 

-Oa  the  Ace^stK  Ki«urw  of  Virnt*n£  Sarfaccs/  pobltshed  tn  the  "  r*&» 
sot*^l  Transactions -fc<iS -a.  In  ia*  ancntow,  which  turned far  Sir  Chans 
hi*  adtnrrsw  into  the  Rosal  Society,  the  aathsw  cave  fcw  taw  first  i«* 
laws  of  lormatwr.  of  the  varied  and  benatiM  nenres  «N»strcd  by  CUaw>| 
Attention  has  recently  been  rcwed  to  lbs  snbjioct  by  Kosssg  and  othm» 
thvCtntsnsjnt 

"On  the  TVansaalsaasn  nf  Sownd  throng  Sohd  Tiwinff  ill  I  *  T Jenrasttf 
the  Royal  InsUuteon.*  i*&l  Tha%  nsesntnr  drsrnbra  thr  wamna  iinLa—1 
by  the  author  of  %t  ■nnsssfl  mm  imic  J  pesSasmancrs  so  ttatana  ntnm 

"On  the  Pnonaatec  Analysis  ol  rJcetnc  Laght*  (Bnttsh  Aswamsa,  03* 
By  these  e»ncnaatnti  S«  Charies  proved  for  the  nrst  tanc  that  thr  sprasW 
vi  the  cwxtnc  spark  front  dufterent  nsetals  nmeswesl  eacn  a  oVsawuw  «rss - 


nwl-i  - »•..  vs  *•<  tie 
innwaed  on  the 
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laumrtc  U  construction  dc  1'horlagrc  polaire.  ic  U  reconnais  a\ 
-las  ftieivc,  revtcnt  exd  i 
trywb*  limit*  to  aun  uon* 

^•niph  and  other  applications  ol  irtueh 

mated  fro*  ro  a  ilv 

k»n  !••  hi*  former   •■»  mtioaa  rifcuimj  to  the  el 
alphabetical -dial   telegraph,  working  w.-.hout  any  clockwork 

tt*D&  LI  WiUCfcauUglietO" :'•■■  the  plftCCOf  A  YOlttlC 

i  on  iii.   I  uu  uivi  VvmSQoi 

risi  1846*  ami,  with  the  improvements  which  thi  since 

<cn  employed  to  a  great  extent  throughout  the  Kingdom  hy  the 

.ipxny  in  furniihinr  I  1 

,  and  private  establishments,  to  which  purpose*, 

then  feaUiy  ol"  tnanipulution  and  constancy  of  a-  .ulmir- 

adnptcd. 

imsrc  recent  invnti  D  Is  hit  fuel    j>.od  tcle^ph,  m  which  the  message*, 

rcpared  on  strip*  oi  as  easy  *S  that?  for 

-h  rough  %  very  small  machine 

rut  thr  prii  loom,  made  to  print  the 

M  the  re i! nit r  Uatto  raphii  charadm,  with  4 

1  anopi  nitoj     1  tv  invrai 

thes*;  [  but  thej  hi  1  th  10  cut 

-.en  practically  introduced,  by  the  tJcctnc  '1 1  Icgraph  <  om- 

.    June  UlSl    il,  irnt*  h*vc  been  in 

axy  business  of  the  establishment  hetween  London 

printing  from  sixty  to  a  hundred  and  ten  words  per  minute. 

ujbetftfco&ucecuful  thai  the  company  bmjtt*  n-nlvid  to  adopt 

ion  other  I  .  of  1  "mmunication, 

the  report  erf  the  ]  of  1S55,  honourable  mention  was 

ir  (luilri,  In-  1h-iM£  hrrs  n't  .-.»«.. <«ri,  fur  having  b«  B   tin*  lin*t  to 

i    in  1R40. 1    D  f  resolving  the 

mIhii.-iimh  telegraph  between  Do* 
I  ruy  Ik-  mentioned  in  reference  loxn  eminent  philosopher,  -Sir  David 

to  rl<  plor  ;.  rh.it  one  of  the  Uat  acts  of  hi* 

;  Whcaiitonc  lor  election  as  an  honorary  member  ot  the 

■t  of  Kduihurjh.  thus  falsifying  the  I  OUpll  :  "i    1  'rydrn,  who  says 

hf     njuml   .'"-■  1 1   ■ 
Sue  thct  dc'ct  (iMiW^n  who  bite  done  die  ■ninj." 

Whcatstonc  received  the  honour  of  knighthood  at  the  hands  of 
is  sovereign,  and  tin     ■  him-  yr-.n  J  Society  haw 

.the  Copley  meiUL 

1  iw  «**  a(  *,«*     •....,«  b,  r.iK  i.in 
T>k  tcwSct  k*><«  0*  hot< .  te-mo»r™w.  *»»*••'■«»»• 
Am!  buf*  Ml  blurinns  honour*  thick  ii(«o  turn  ~ 

:kidin,;  '.hi*..>  e  of  the  lib    

1  with  -ill  lu>  fneni  bt  permitted  to 

bis  days  in  pi  ;»c<    >nd  tn  th«. 
J  that  he  I,  in  the  calmness  of  matured 

ic  "Labours  of  hi*  Lifi  ' 
i  mrr  book  devoted  to  the  consideration  of  dectric  telegraph  insirum- 
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t  ion*  Mid  desert  pi  ion*  of  Cooke  and  Wfeaiwooe'ica* 

Ictelcsrr.'i  "f. 

■    ■    ■   joi,  when  he  conducted  the  alphabet-dial  tekcrapfe, 
•v  rftftf  lut  olwa>  4  fiur.  J  u  be  e  ^est  forms  for  teaching  and 

Mmling  the  br-  B  which  aK<inii  iv  i!  or  loped  by* 

thrown  alternately  from  one  electro  roiemet  to  another      Such  u  ' 
*t  ruction  of  the  tclegsj]  ■  ■    of  which  it  shown  jc  t 


.-Ufihadtl* 


U  consists  of  1  tl  >l.  oowhtdl  rhc  letters  of  the  alf&ahrt  arc  puuti 

.<.  k  letters  <.'  .round.  The  rrech-inwem  very  staple,  Twotktii* 

m.ifr.  -trnaidy  the  fuIlrU;  thevjuW 

op  »t  each  blow  one  tooth  of  a  wheel  or  e^cawmem,  and  evwy  tio»  a  imm 
is  taken  op  the  hand  on  the  dial  moves  forwar  icr.  Tomv. 

Ofl  th<  l(tu-r»  of  the 

instrument  •»  required,  called 

*^ich  at- 
Itationi  Of      ■       •      1  orrrtiMinilii 

with  n  -  thu  instrument  i»  pwnric  d.'      1  hi 

cac'i  ncate  alternately  with  the  commor 

th.it  to  the  battery  tad  wir«  of  the  dial  telegraph.    W 
is  turned  round  one  I  u  i  or  the  dtal  movce  one  ' 

instrument  are  very  carefully  made,  they  answer  remarkably  weU 
Whe«Jtone,  however,  found  ihit  they  -  »■ 

t.  and,  of  course,  one  Utter  bein  -he  iwmj;c  tdittrnm 

.totic.  par  niibcr  of  words  m  r ... 

i ilrc!     Tlir»  ■  vsJxtiii  w.ik,  henvr  be  Uc:>e  Mioftol^ 

■  in.,*  of  1 1 1  [  Hi 

telegraph  -e  now  come  to  uV  1 

1  of  iScfl  .inrl  i*6a 
riu-  reader  -^andthc  eonitrart 

and  examining  the  annexed  d<  nd  diagrams  than  d  a  n. 

Hon  <-i  t  lie  above  m  I  were  jlv 

unn«r*<jry  to  remark  that  these  laotramcuts  arc  in  dairy  rx  by 
•  1  e  TeieffTiph  Comp 

memo  u;h  MMion  shoved  ruxi  be  |iUc*d  « 

Flice  ihorl  irinri  upon  the  tvuu|  iiH,<i4,  «t  the  but 


39S 


MAG.VfiTJ 


<iejw«  fingrr-kcr  op]»   .  i.    •!■ 

•  oimunic 

the  t»e 
odoi  I  in  advance  or  1-..  nc  'pace,  --<t«{  «i 


Mni»t  !*    rrvcrtrd. 

O             1. 

"         t£ 

t 

„ 

• -^        o*  Thus 

— *                                                       j— 

nr 

?j<? 

-     A 

H 

}      n£ 

f 

H 

..EARTn 

■      : 

^ 

V_-' 

^"^               Fia  JT9. 

ting  now  joi'mrd  up  lo 

-mJ  in  i)»«  revolui  io  ■  ■■ 

now  he  connected   '.<-  ncult  b)  -.  uuc  uf  the  Uul  I 

each  station,  and    it]  ;   the  linr  \ 

(    Thu 

iom  statu  M  the  other  staucm  UA 

■  Bfl  in  idwlCC  I  r    -(  iiiinl,  the  poiition  of  the  li 
•d. 
The  hand  of  the  indicator  may  be  r«tt  by  gently  maris*  the-  tnuJ j 

tht   i  ice  I  cV.Aj.-il  and  forwatd  K  tl  6nxrf- 

Win  i  inri 

fhi  ibovv  rule*  o.rc  to  be  reference  * 

at  tj<  '••  \  p  . 

i<NE  W.iC 


r*«Tw 


F»C   iSa 


EARTH 


IVtfFATSTONE'S   TBI 


m 


wvnal  rtationt  n  i  ;    ii  will  ••(<,  n  QQ  G'Himt  norive* 

i-itof  to  send  if]  ra  ihc 

itkhcf  dai-  .:■  Mkmof  ihuM-  Ma- 

in n  which  b  j&ffi    The 


THRllUCH   CMCINT 
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of  connection  w:Tl  \  mj[ 

several  nation*  to  commi     >  »cr  *i  ;hc  tunc 


/- 


Tf 


gar  in«4»w.',  w)nii  ...  m  •  .il  1..  /  .  •  -—  1 1 1  ■  /  tad  

i*ll  mj;:i.iI  in  preface  lot  1  -llliii;; 
mi.    m.l    lli.it  wl.  '.mom    IB  called    I  1 1 1 . . - r  up  or  clm-T    (I..-    line,  the 

1  '.*  on  the  tArongh  amtt,  as  shown  in  (he  diagram. 

witch  is  generally  adapted  to  the  pcCttl 

y^ax  li.inima  or  bclla  an  i.m.i  W  ptoccd  in 

l>t«T  binding  rerewj  to  th-  CWWl  .it 

fc«k  of  the  indicator      The  Jamm  n-v  be  placed  at  a:  c  I rora 

.:  ni  position  for  <.*Ili::i:  attention     Tin 
int  to  a,  alarum,  when  no  m<  1 
but  be  turned  to  r  when  operation*  bcy.i n. 
•  *.'ti,\ut  f/ir  wrhtKg  thr  TtUfrtrfiki. — Thr  inllnwinj    i  rmmary    (  rail  • 

:lie  teJe^r.iph  may  be  advantageously  introduced  heTe 
:  •  rumdlc  i  instrument    I 

m:  majenrt  I  he  Wept  ii 

!  the  li  *£ct3  '■>'  the  other  are  employed  to  manipulate  the  stops  or  keys, 
muii  he  taken  not  it;l  the  end  o(  the  message. 

t«y  need  not  be  continuously  prised  down  flffii      EnCJ 

?***  :t ;  hut  another  key  must  not  be  pressed  down  until  the  inde*  or  pointer 
^***ur  1!. 

t).  Tl  key  cannot  be  prewed  twice  down  m  faceted 

teltng  key,  mi  .  without    raiting  (01  ih* 
in  the  propi    '• 
*    Br  .    rTK;n^  In  vml    i  nirxu 

B«  point  to  -K  To  fcwiog  the  telegraph  to  v  c  eofl 
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pin  or  button  on  the  trU-graph  muM  Im  'Urrtutrii 

wards  and  forwards  between  ihc  finger  am!  thumb 

j.  If  by  Inad 
letter,  Ihc  tclrgraph  '" 

6\  TV  poll   ■■'  of  I  «t»en  th«*  i-.*miBK»l  j 

■  turned  i  •  the  Icttet  a. 

7  .11  for  thr  pura  »t 

tl  mumcetor   ax) 

i u<illc  pass  from  +  i      1.      litis  i.  ill  ring  the  bell  at  the  other  end. 
.a,   ui  to  allow  of  reply.    If  ao  reply,  continue 

..  bm   B  UJ 

S.  Receiver  will  notify  his  attention  by  repeating  the  signal 

c>   Th«   rOCCtW  will  i  h-:i  turn  off  hi.   alarm 
letter  At"  i. 

d  the  rcci  re  tending,  tt» 

him  i>>  put  his 

ii      Vt  tin   end  ■■:...!■■■  .i .1  <   -f- 

■  dd  ihc  receiver  not  undcrstam  a  for 

print  l  dcrwll 

13.  Every  initial    Li       '  <»r  port  of  a  wora  used  for  abbrcvution  ■ 
followed  by  the  full  nop.  and  the  full  stop  must  be  given  at  ihc  • 
semen  cc. 

14.  At  tin-  md  nf  mrMdce,  needle  to  b*  tun  +  twice* 


i$-  Receiver  to  repew  this  dtraNc  revototion. 

1$  Ii  b] 


accident  the  ivcomcs  misplaced 
sulci    1  n                *ni  itrUigiblr.  thr  recti*  ci  n  by  prnrta^g  cV 

The  scndei  ding.    bs*» 

id  •  will  linn  «1  hi 

IT.  To  ti^-mf)  hgurr%  U  .  bftocc  an 

Uuiu 

Instruction*  f*r ktffing  0U  Jmsfatrntah  w  fifd  tSe  \rUc 

in  opt- 1  <      n.  iiic  handle  of  the  con 

i  1 20  revolutions  per  minute,  and  the  finger  keys  should  not  be  denrfsssa 

The  worl  -  bearing*  of  th  u'cator  win  nxruirr  occ*i»< 

cd  from  any  respc     ' 
maier.   If  the  oil  is  good,  and  the  1  ■  mudaaiely  used,  the  ineareas* 

Will    H  H    :il|i%   With I    ■  l.ilij'  .     Mill,   ..  ■ 

le  oil  regi 
purpose  may  be  obi  until  to  th  1  ol  Ihc  1 

tin  h  .it-.in  i.i  the  commit  rutobc<~ 

the  annexed  diagram  or  a.b.t.d;  and  by  dtj  -    i«*r.i  ol 

into  the   'il,  .:  n  ilk     1  ..I.  . ;     1  -  rn  .  wVit  f. 

If  the  centre.  A  has  become  constant  n  u»d 

to  touch  iht 
work  ftthiy  or  stop  altorcthcr.    This  ma; 

!  "£•  38*).  vnih  a  pair  of  small  c*ers.  or  otbc    1. 
to  free  tli  Ihtf  polcao;  -<L 

long  use,  the  wxicb-chaio,  uhicfa  runs  round  theroCmcsi 
)laie,  lur  thr  purpose  of  x  cicfc  "»■ 


Wh  KAPIIS, 
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arrrw,    A  t      arryin*  *ti   extra   roller,  CM 

..•n  10  k*v<  ..  iltin,  nl  iqc  key  aJ-wa)* 

imoj;  drpjc*scd,  a*  shown  ji  »  (rjg.  J&3J. 


3*3- 

If  it  becorrri  necesiarp  In  lit .  t.  .  .  nimunieator  to  pierce  (thu  opmifen 
kiwi  a! way  1  heeler  be  performed  by  a  clock  01  .■  itch  maker,  or  oilier  experi- 
enced .-■  (torn  of  the  cue  must  lv  lala  it,  and  the  CtUc 
ttory  number- pt.rc  in  front  of  the  initniment 
pmhed  ol:                                 Th.ir.  will  i-n-ilil 

nl  pinion  to  be  m.irkcd 
through  the  hole  of  the  number  pinto,  by  making 

B  Tkiid  part« 

I'f  ibe  wheel  re.    The  magnet 

be  LxL.ni  imii,  having  prrvioufcly  un-      j$* 
icrrvrd  ihr  uir,  ^  leading  from  the  coib      The    y 
c  u|ipci   [Kiit inn  of 
tbr  tt  the 

*ir»ir  »rth  the  glass.  *h.ich  is  only  spiling  on.  re- 
I .  then  the  dul  card  and  plate     Unicrew 
Hie  four  pOLtf*  bticw,  and,  after  the  wh  i  ha*  been  ukea  off  the 

wooden  caw,  all  raay  be  tokci  to  pieces.    U  will  be  ncccsaar*  u>  tcm?W.  <tor 


3S4- 
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' 


po*h>  0  by  *  w.i' 

thai  portion  .  .    <   > 

■ 


Fta 

Ti h  •   :»«  f..T?njT%— Fip*t  pill  the  rewre  ar* 

■ 
nlaee  Hi  -fcrdu 

rwlex,  nnd  the  ..  v»oVn  »■ 

Lasclr.  plnoc  the  magnet  in  lis  proper  pos.uon.  and.  »hcn  All  u  **• 

cct,  screw  on  the  brj*s  too<kft  bottom  •(  £*  ' 

idlcntor  and  ■]  -  betaken  to  pieces,  when  nrtcsfur,  ad 

nJ  {uitk 
indicator,  pivoti   .ink  I-  'I     mil    il     i    in   very  *TU  I 

toi .  when  good  oil  h»»  >■■  •hji  xtlcoiiff 

i*u  01  three  >c*r*- 


Fra  3S6.-  Wk**Ut*  */  i  Btf J  in  A  wfyjtr  M 


Pre£ew>r  Whoatltoi  iments  iincbertftdo] 

lies,  And arr  nwlr,..M-t  Viv,  i^/i-Vfl^^V*'** 


»  tOC<tht:  ply  of 

,,i  ..i 

;  Fit  Id 

■   .     .  u   .■  •     ,.    .ti>   . 

«t>.  but  stored  b.  er."    Directly  the  dctei 

cjrrtut,  the  bell  tings. 
TW  U  U  *ll  (Ml 

■ 


%■ 


#2 


u 


ft 


s*t 


L  + 


gPOi 


; 


'»c  387.— l*'A^j//Awr'.*  rv.  tfuEngim* 

*Mtps  of  H 


^^^^^Bf  <our*e.  vould  have  *tn  ■" 

• 

i'    what 

lietrtms- 

,  being  print<<!  in  n  the  dial,  and  the  hand 

'•fi<lftda»  aUoio  be  conducted  wiA  iCCOf 

-      ■k]s- 
■     ..ill..  .useful  of  I  lariw  When: 

. 

rimed  ud  'vAm 
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read*  in  hi*  o«n  room  the  progress  of  that  rmi  undenatinc,  the  didy  pm 
ingof       i      (lmcs," 


Fia  388.—  H'ht*i,ton.  .f  l»ttrumf,ttf*r  Stw^rpfr  CjLti  * 

/v: 

-  inurnment  will  record  from  ten  thousand  to  one  null 

K*mr  i-tiiiiiu.r.  111    1   Imp.  >\-  PdyU- 

that,  without  moving  from  h>' 
persons  in  the  hitililmg. 

Thr*c  iottruxn 
invention-.,  of  1858  ami  1  Wbcatstorh  ptcd  AutomaUC  ToY- 

grmph,  of  which  the  Inventor  givta  the  following  particulars: 

"Mi  hi  . 1  .1.  of  anew  1  meefeaniim  fnr  thepuqw* 

of  transmit  ting  through  1  telegraphic  circuit  mcwajjrs  previa; 
and  causing  them  to  be  recorded  or  printed  at  »  distant  sun 
mi  ribbons  >*f  papei  are  perforated,  .        ■  ■ 
tftdixpvrtui  Inefciun  of  thralpli 

A  strip  thu  d  in  an  inslnirm  -irheoasHt* 

1    nun  «■   >i  eta  irii   povn  I  afcnf 

and  causes  it  to  act  on  two  pin  a  in  m,  Ua  * 

derated,  the  current  is  transmitted  to  the  edegrj 

■ad  when  tbc other  la  elevated,  i  u -1  m  the  oppomie  d#eet 

■  ■ 

Is.    These-  Olowmg-  idirfcreni! 

ont,  net  opon  a  printing  o  'aiadissart 

fctuiiun,  in  ujch  manner  .is  to  produce  corrcsnondint;  tnai'-w  oaanfrbos" 

. 

'I  wi  mrr  purtii 

■' ihw  •-  *<* 

•  1  may  be  aMOCMtt-d  with  Mil* 

tcrmnKrX  <.. 
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w*h  rhr  apcri  . I. 

paper  passes  ihi  M  the  bottom  of  which  An 

■I    thr 
a  frame  nchw,  thi  .     h  are. 

same  transferee  hm  riches  is  capable  of  bc.n^  sepa- 

eleven 

Clide*  '.  .  i.m  punch  ifi  <v  !h«- 

xr.  two  different  movements  arc  successively  effected     rirst.  tne  raising  of 

■ 

he  thrtv  pun. hat,  by  whit  1  tli    p  m.  h  which 

!»■'<  distant  --  1 

if  ■  ■■     ■  - mim-       ttlC  i  lip  fifSl 

CJtt  the  piprr,  and  i!:r n  tin  frame  rail*  '  uu  k  En  ii»  normal  position.  The 
uid  punches  re  e  nptoyod  tnm*k<  thr  hold  which,  grouped 
Wher,  represent  letter*  *ml  other  chauxtcr*.  and  ti.  punch  10  make 

fes  which  mark  th    Inter  tun      The perforation]  b 

of  paper  appear  thus: 

;  o        c    coo       ^       \ 
Flo.  389- 

second  imp    n tsistl  of  an  apparri''  may  be  <  llr.1 

tran--  ili-.   iKph  a    pan  .'.red 

■  1    nitor, ana  cotninnnil  'he  air- 
s  produce  Itatc  battery  or  othct  rheomotor  in  the  order  and  dircc- 

eoerespondint '  nrmochUJ 

1  by  which  the  ptrfonl  r  n  rfonnt  ttg  fooctJoflf.    An 
produces  and  regulates  the  occurrence  of  three  distinct  mu*MlMHU; 

1 1.1  (:  iiiK-,  nirich  coat  in:  fitted  to 

forward  by  Hi  advam  ins  motion      tndj 

1   1  spring  <  I  p.  which  holds  ifi   slip   ii    a 

ry  d»f  mutton,  but  nU  freely  durmy,  DC 

linn  .    jnl,  tin    Mmnltanrnua  Hi ■■.  three  wire*  pUm! 

one  of  their  ends  on  * 
tbeir  Irec  endl  Its  in  1  lie  grooved  frame;  these 

H  wh  ■  1  ntrit,  but  each  of*  then  rests 

'  by  the  upward  action  of  a  spring,  s?  that  when  a  tight  prtMm  is 

rted  on  the  free  end  separately 

fes*ed  f  paper  is  not  Inwrted,  and  ihi  ■  Ii  m 

OSS.  a  pin  attached  to  each  of  the  external  wires  passes,  durinj) 
•  »d  leeedn  ,.  on    f  the  1  uct  with  ■  ■> 

anil     n    in    ■<■.    rti  iM  "< 

11    1  •  proiKrly -ipplied,  by  whi<  I'    whili    "it.    >>t   nil    wireait 

iremed  rndtheothei  irreal  pauca  IVomUu  roitafc 

:.    <  rcuil    n  one  direction,  and  paMca  in  &r  01 
wire  before  elevated  is  depressed,  and  net  wnd     ' 
stlres  are  sed.  the  passage  of  the  cur 

is  interrupted.   Wh-  ■  rvco>«v\V*vr 

lenever  the  end  of  one  of  \hc  w\rc*  cnw\*.tv*y 
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AM     M      .'  "ill.;  I      a    -  ;    CllU'fk 


urr..  r- 


J -4 


"I     lit, 


ciii.  i     ■ 


■ 


proj*  i 

.. 

•■  i  : 
ifipli>  v   pw«r.     Instead  • 

-on 

c  form  a  ii*.  ^  t*  ifc- 

iU  ill 

,.■■  ibi   i'- 
!  paper 

■     ■■  ''"'^L^H 

in  «n 

.    ■  ■    . 

currents  from  u  ■      i  •■  lata  ik*  t* 

"   !".        til  If    '-    .:i   tli 

... 

■Jih    ■■!!>    r  ia  Ifi 

,    ,  .  ;  |  ■  .i 

"■ 

in  the  oth<  pro* 

■ 
■    i 

of  tvhicn  mj  to  »v  -«J  tWcoai 

II    if.         Al 

III 

.... 

rthfi  li    lin  y  cult-i  * 
carry  m,;  wilb  til 

***** 

yr  print  ti 

unj;  springs  for  r«u*mx  ifce  po- 

■ 

r    ..     i  ■:-.,. 

•i    llr 

I    i 

1 

■ 
irt] 


.     i'    3 
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instrument  present*  external  I; 
M-tt^rd  in  l»n  parallel  rot 

■ 

Vttc  principal  pan  of  the  mcchu 

liirtj-  types  srv  placed  at  equal  distance*,  i 
■mof  the  alphabet  and  other  cW^cicri;  other  mechanism 
idooanectcd  thcTttx.  n  :ln  b  i 

(ptVMCli,  Ik  *l: 

hrn  tho*-    ■  tn Hko maimer  depreiVil. 

■  - 

::  .:    :  li.    ; ..  H4.    ■.  ..(.     p 

M  stop  for  on 

•tops  of  ihc  up[>  ,  i    , 

or  lower  row  ofihi  print  d  i  bb  o 
prop  in  of 

ts  otct  a  ribbon  of  popef.    The  ninth  (top  when  it  ii| 
p»^  oatn  paper,  to  ca  paper,  in  i 

linns;  a  frcah  place  beneath  the  type 
type-wheel  to  its  Initial  poti 

t>  a  mc»!i  (  tfcc 

new    "i:  •  i     £u  bcek  to 

■ "  itmJ  posit  torn  ihccui 

*  aid  of  reu< 

... 

b  of  the  double  magi  prn< 

are  entirely  j< 

Iht  a  thort  I  i  feeble  •.•!.■ 

circulate  s.  in  DOM 
.  ■ 
rcuii.  constantly  utraned  tow  i  .   lei  >, 

renttranunii 

rn    ,,i    ili       . 

rtewion  of  the  other,  It  ncu  cuireni  ol  batter*] 

■  ■ 
il  in  the  applli  nioi   "'  ribhm 

pepaicd  b)   i  itm.  .Hid   |  ■     .1. 

taenhett,  to  pnmi  ion*  of  h  irui£nrtt<  <•. 

irresfX'<  the  signals  required,  p  separately  tm\ 

■ 

1I67.  *ir;! 

Impmi 

i         ■  i  m. 

certain  rnpron 

:er.beti  in 
of  tfc  :  pantoJ  i<  ■' 
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*  tl*  meoage*  to  be  sent  on  the  stnps  of  paper  • 

i.tT; 

crmng  the  *np»  of  papri  » 
nd  foi  ir.inamntinc  the  currents  produced  by  a  voltaic  batter 
mljjnetOH  lactone,  ©t  .-  corrcspufidlq 

Ihc  holes  perforated  in  th<  tnd  Ktjnrncc  of  !>■ 

bejnfi:  governed  by  pins,  or  other  ■  «l  w  *•  « 

ibef-  .xnuopcr  ocoustoihoi  tath 

of  a  ,!  tfybytbr 

of  i'  r  apparati 

"Ami  thin?, of  arwurdn 
m  »i\  Ii    mark*  .  ,e»e* 

■ton  ihi    •  Httcd  to  the  telegraphic  line  and  with  the  jpcrtcra 

icr. 

-I  i  nfrc*nrdinctd<xr*J*t,*tth* 

«mpt*'  :i  the  object*  of  the  present  -  m,  I  prtOrti 

10  designate  tho*e  r>^nu  M-rmli  I  -,.,-.    illy  i 

'   Ft  i       i>      to  ifi    H  on  of  the  perforator  far  ih<    ilot-pr  1-f1^ 

which  enables  it  to  prepare  the  strips  of  paper  u-.^h  an  un-anernrptti! 

*tt*ea 

Milium   beii  ■'-    that    rr! 
ipondingv                                                   .ifxvd(heV<*f* 

purtl  li  'I  thr  pun    h  »s  Im  h  Li  j 

'atiilc     iir  fjU 

ipcrturc  at  i  time. 
ft> Second,  the  moditu  .11  :i hi  ol  (he  perforator, 

haniamaoan-raojped  thai,  when  the  fr* 
key  is  pressed,  three  of  the  punches  in  the  order  described  a- 
acted  upon  ,  when  a  second  key  ts  depressed,  i  nu  ( I  the  pimebe*  are  hate 

tlntd  Vry«  arc prestos down  the  pap  taemly as  **ngi 

1  I  -  |   i  ■   I  he  it  under*****;  is* 

I  do  not  claim  the  advance  of  the  paper  l>\  u  »  -i" ■•'  '■;•>•'  \  unit  IS  in  eeonft> 
!•  'ii  with  '  .i  nl  ilt  ■  punt  h  Ibed. 

MTh  [<l.  Ihc    id   ition     of  c » 
perforatcr,  with  dddition.il  punches,  described  m  the  fifth  trnproverneaL  ^» 
are  so  arranged  that  cacl  impressed,  whale  it  pwae** 

-miii!  ill  the  required  apertures,  shall  a  iba  jup*r  at  ••*< 

.  f*mr.  or  more  steps,  to  thai  all  the  perforations  may  b 

nuevnary  to  cause  linn  «  eel  Lenjphs  to* 

i"L  ig  instrument. 

wFourtb,  the  i  ic  ifi    lion  of  ih>  is  the  scceno' * 

nrovexnern,  nh  uited  by  a  majmcto-^hs  •  «* 

hatteiy.  in  which  the  central  needle-  alone  has  fo*  d 

purpose  of  propelling  (  nM  of  the  OB*1 

apertures  i. 

?ins,x.d<  -hesecon.:  ..  specification of  rar ?•*** 

IW  (a.b,   I  ■ 

■  Fifth,  the  modification  of  the  uoftMniltcr.  describe.!  -Mi  imp** 


aciea  upon  ;  wnen  a  sccona  Key  ts  aeprcssea.  tour  or  roe  pun  en 
manner  liniultantotiily  acted  upon  ;  and  when  .»  th-.rd  lees  as  d 
-in;;l;  p  mi  h  only  of  th' 

Iti\  ,»rr j'  ■  liteh  wbr 


ii  adapted  to  send  into  the  telegraphic  circuit  short  currents  at 
h  and  alternately  in  Opposite  aJrcttionft,  SO  *»  to  determine  the 
•■aH  of  various  length*  in  the  re* 
Us  modilic-ition  one  current-governing  needle  has  a  \« 

■ -nir.il  nixdlv,  while  the  other  htfl  tiu  such 
iv  at  rv*l,  and  ll  whik 

iitib.  i'  ibetl  as  the  eighth  imj 

ici    to  *nd  into  th<   telegraphic  arcuil  currents  of  i 
hsinot  n  only  to  ft  different  wmr  6a  that  described  as  the  i 

.u-nt.  Nil  1463  tlA.P.  i860).     The  characteristic,  or  thai 
method  arc,  tira,  that  lines  of  any  I.  nn  be  pri>*lvjccd,  instead  of 

«f  t»o  different  lengths  only:  second,  lhat  the  short  lines  occupy  a 
CT  spare  on  the  paper  than  the  long  Una  do  ,  Bad.  third,  that  strips  of 
rarrparcd  by  the  perforator*  of  thl  third  sad  fourth  EfflpCQVBBoatt  may 
IcJoyed  10  reflate  the  motions  of  the  noedlcs  in  order  to  produce  the 

■ 
nrnth,   the  mmlirioilinn  of  tin?  <l *  ;v itij;    instrmni  nt,  dr- 

Cd  ns  the  third  1  lent,  in  which  the  pen*  or  marker*  are  acted 

by  one  ;iii(m.  Imi:-.  Instead  bA   b*  tin 

lion  of  my  patent,  N&  f2J9  (a.IX  \8$q), 
n  of  the  printing  apparatus  of  the  receiving  instru- 
tof  the  second  and  third    •  I.  improvement, 

el  ct  which  line*  of  vari.  re  prrntod  wiih  pass  rapidity, 

r  and  distinctness.    The  characteristic  distinction  of  this  mode  of 
.ind  tracing  disc  are  both  independently  kept 
■weir,  and  .irr  not  in  actual  contact  '»ii!i  aacfl 
and  if  mcbjr 

■   Inn     ' 

ipticin  of  (he  Ihrrc  instruments: 

rv  p 

■ 

fhe  recorder. 


<£> 


190.— Tkt  Ptrfcrairr  (1867). 

'  iit  provkfat  for  the « <  rfora 

Urip  ng  pbte  carries  three  punches  t Fir 


410 


MAGtfETJ 


■ 

iter  kq  ;i    puiK'li  ••!•.■  a  bcWttp  • 


* 

0 

\  10, 

imc  time  emits  vrftib  i!  Qm  middle  punch  by  mean*of  acotlu  whkb  is 

..  *nd  5irm.;.jiicou5ly  pen  kc  two  apcrterct;  but  the  depi 

i|  id  cuuponthi  inch  alone.  aria  petfoen* 

apenurv  -inly,  vhich  i» 
On  the  from 

pufi<  he  ■    ■  ■'  injiMi.il  positions 

I        \'x  kcy*.>\i  i  n  i  Eui  k  the  pap 

i    ,     the  refe*»e  of  -i  k  ;.  pi  tiiiii-  ■  force  the  p»i" 

li   ■  i.  .   i   i.. 

a  rough  end  next  to  the  paper  strip  for  that  purpose;  this  rxch 

[ddle  row  ©I 
•  Fig,  -,"'•  m  five  view  of  a  ti 

Hne  wires ;  in  this  instrument,  beiides  the  neo.  UtioM 

■    !i     n       . 

I  mm  l»  injj  more  c  mvei  i<  »t  -.■.  h. 
Knl  described.    .«  it  a  pen  •"• 

an   ui  'i 

■   I  toothed  whwl,  «/,  whiili  i!i   ■         U  i 

rri*&.d  twice  i*  m.»ny  TTvolBtioci*  **  uW  * 
..  ol  the  .i\iv'  i     ,  inn  *. 

■i  onarockinc-frami  »mcoftfc 

iy  described,    The  pin  <  a  cam ^  I 

The  form  of  the  aim  it  smch  that  the  ion*Tircl  notion  of  tl 

but  it*  ruiuiii 

I  &cs 

■  turn  in 
' 1 1 1 ■•  leva  i"  Iij.y 
the  uil  '•('  the  levef  S  ti 

whw  .  1  Jltj| 

.:     I:  will  b 
earnJ  Id  «  frame 

I  with  the    i  h  *re  uv.. 

ihc  ■■  and  are  in  corntnankition  v.. 


Ft..    yji.-TXr    Tt.iHsmiUrr  (iRjS). 

de  in  iwci  twi!*.  /*  md  ?.  4i III  ' 

!  id       i r  .mil  .1  xrr  two  uprinjWg  which 

prirt£  r  i- 
i  mi  rt-i!;  ii  I  the  iiiMiiii  d  the  spring!  ' 

these  part*,  b.it  n  put  wi  w  lh  UW  -  -irth. 

M  ihc  rocktaz  frame  comes  into  contact  whh  rtl 
dmc  Miring,  n  «  »  Inc  line  wire  in  connection  *uh  dkt 

uiiinniKirion  •■  ith  1 
iy  ewT-ents  ©r  shoe ki  transmitted  to  the*.-  ■ » h*.-  hnr  wirv.   Fror 

i«  conuui  between  the  nccdlei  oi 
■ 
Mid  in  ihi»  peri 
:  ■. 

in  irk( n  "t  '("  im  rumi 

aj  this  pen  or  mark 
[hut.  \t  necessary,  the  instrument 
nly,  without  . 
•n  the  instnaB.:ii  necessity  is  thai,  in  perioral  n 
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for  the  message,  only  one  of  the  outside  finger-tors  of  the  perfOf*or  .*wg 

be  employed  (the  alphabet  or  signs  employed  being  modified  accorojnftT* 
Or  the  perforating  instrument  and  the  transmitting  instrument  maybocbtt 
modified,  if  desired,  so  as  to  be  suitable  only  for  working  with  one  line  Mfft 
by  constructing  the  perforator  with  two  in  place  of  three  finger-keys  ana 
punches,  and  the  transmitter  with  two  in  place  of  three  needles. 


Fig.  393, —  The  Recording  or  Printing  Instrument  (1858). 

Another  improvement  is  in  the  recording  or  printing  apparatus;  but  is 
the  chief  parts  of  this  instrument  have  already  been  described  with  sufficient 
minuteness,  it  is  only  necessary  to  refer  our  readers  to  page  406  for  the  detail* 
of  the  beautiful  mechanism  which  regulates  the  marking  of  the  slips  of  pap*1 
and  the  supply  of  ink  to  the  dotting  apparatus. 

The  improved  instruments  are  now  working  between  London  and  New- 
castle, Edinburgh,  Manchester,  and  Glasgow ;  and  they  can  send  and  print 
messages  from  seventy  to  one  hundred  and  twenty  words  per  minute,  accord- 
ing to  their  exigences.  They  are  also  used  in  connection  with  the  submarine 
cable  extending  from  Newcastle  to  Denmark. 


WHEATSTONE'S  TELEGRAPHS. 


4i3 


iR  CHARLES  WHEATS-TONE'S  LAST  AND  MOST  COMPLETE 
TELEGRAPHIC  APPARATUS, 

SD  OTHER    BEAUTIFUL  APPLICATIONS  OP  ELECTRICITY — THE   OZONO- 
SCOPE and  Telegraph  Thermometer  por  Great  Altitudes, 
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tlw  fr  ...  ,  ■  '«  At 

|fUf 

idc  new  -ilf  ■  •       ■ 

■ 
inkiny   *i  I<1  be  IMHUnillcd  q*cfcef  thin  the- snv: 

would  i  a  n.pid 


i- [<  .  n     7fe  Unt-f*t*ti*£  Trummtittr. 


wh'u  i„  ,|.  |  ;,i  .lie aimec' 

printi  ■':    luh;  .  ■       '"  ■  rt  • 

■■•'■■■■ 
■ 

follow  I  v 
Tin  Lim   i  ■  ptn  W1TII 

'in  iranvmiitrf  dctcribeJoAtl  m* 

cuncnu  itorift  ifcc  telegraphic  conduce 


It//.  8APM& 


4«5 


fambna  Lu  ihc  paper  ;inp  [motion  being  produced  bv  a  wcighi 
iad  ibi  ni  ikin;: 

fevers,  b 

and  i  "Upper  end*"  tic  pins,  being  altcn> 

.   thfi    -.)..:  i 

pnvtntcd    t'rmit  ffil  !    Ai    ..:> 

I  the 

Ml, 

Tin-  atti  ^h  the  paper  strip  is  as  follows '  the 


FIO.C      l  •'■■•  Prmttr  or  Retn 

means  of  pr<  paper  i»  fa 

moving  the  paper  forwj 
urip  beinc  held  down  by  a  broot  1  the  pap<  r 

'I     nati  he*   nl  honed 

an  aprr.ure  in  the  paper,  and  are  earned  forwarv 

ng  with  the  duration  ci  :i  the  I 

... 

EV-/in;  .    i..  ,,    i,., 

•p-and-doun  ni  ' 

n    ■.  ...  !  r  .11  tu ..'  [Cl    .ijH-Tturr 

finc  of  holes,  the  r  and 

transmit  a  current  in  one  direction ;  uidemtn  1  ipertureon 

the  pin  will  .1 1 

the  paper  regulating  the  frequency)  direction,  and 
dnaa  -.elefraph 

c  .  id.-  m.i  ■  ; 

i  to  as  to  cto*v 

•■mI  pastes; 

■  :l   ill,    Hghl     II  1     !!.,;•■  lilt 

1..  f.ln.  ii  it  0  .s  to  be  capab  1 

this  «rti«l,  Rvvnnz  *'tfa*  vVt  tw*.- 
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UAGXRTISM. 


TMninK  poww  <^  the  inurnment,  boputi  i  rotatory  motioa  to  the  it  i 
the  same  lime  tlui  U  h  cjtfnlilc  c/  n 

•  from  the  movenw  ai  of  the  armtfiirr*  uwl  .. 

I  plane,  *nd  tnitncdiikldy  beneath  the  Iraai-. 

•  i  .i   r .  ■  ml  Mr,    hv   appro]  ..t#< 
r  Of  Lhi                                              OIK    r.v,:lvf»   in  a  i. 

oUirt  tuiuble  marking  fluid    The  periphery  «l"  the  diK  is  3ii*'hLrr  hcJto<ra6, 
r  rd^e  of  ihc  traeinj-diJic  jaM  enters  Ihlt  hollow  w.lboui  contact* 
friction  with  the  inking-disc;  during  the  revolution  of  the  d**C,  < 

rps  the  hollow  full  of  ink,  and  a  constant  and  watform  (pastil)  «fl 
:--  rapalM  M  tot  tnCAfr4lK 


I  Hi  0.—  Tkf  vuricMJ /.!■  fcU  wja/UvVA  H'l 

CXnttMOMfo 
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The  pnper  intended  lOftOttivi  the  mark*  i*dr»wn  forward  at  &. 
over  a  roller  in  do*  v  to  one  ed^e  of  the  tncuig:-iUsc.     1 1 

understood  that  iv  .untancout  alternate  ourcmu  HufogtAraqcl 

the  electzo-iiu^nct  cime*  A  l©-*ml-ff  :•  motion  <<f  lh4  tfSCbtt 
one  direction  preying  the  tracing  Uikc  againn  the  paper,  where  it  «nB  remi* 

by  rb f  ilic  retidu-d  ixupnetum  of  the  electro-mac  nj  •* 

■ruuitufei  in  thai  position,  until  * "  urnrnl  in  lbs.  i*jitMi-.i 

ihrttarrr  fn.i  1  tli    fiper.  Dy  '  t  move  tk»  tvQJ^^H 

on  be  printed  wiili  peifccl  aaai 

Itciidcatni  1  1  .m  ii:.  fifth  imp  Another  rn 

WHEATSTONE'2.  CHKONOJCort.     l  he  various  pnrts  ©f  tins  amafCflB 
ate  shown  at  fig,  D,  and  employed  to  ascertain  tht  1  nroffcxfe 

The>  *dl  tntoodwl  tull-hoWrr  and  Off* 

*»5wf  in  the  falling  bodies  cxpcrabcTAv  *>  a»A»w  talari  com  of**** 


caav  tail  bote-.  10  receive  ihc  ball,  eteri     .u  i    ■ 

.  inverting  In 
■ 

op  it<   l*he  mtthodof 
D     i  woiprinjii 
■ 

■    ■ 
lorerffl  tl.  b)  iht  dotta 


Flu  E.  -The  Ckrwfi/tope  ft  Etsiuifwn. 

i.  rcprewnu  ih  ope  as  amnced  for 

by  fuJlin  "  hlCh  Hi. 

kv  i;  i  f-inn  placed  it  the  1  *         "       ■  ■ 

iiuli  like  .1  «.ii:  h,  motion  '.-  inj 

OV    i    i  pull)  V.  Villi,  h  I-   1.       : 

tailed  im 

.   The  clo 
rhc  dial  parts;  they  are  msdc 
nt>  'cmnrdrd 

m  Lhe  target 
he  chronnscopc,  r>nc  wir. 
tanc^t.     Iht  pole*  erf  ib;  b  cd  thai  on  lb 

peoi  wUb  • 


«i8 


MAGNE 


i  i>.  r 

TtM  um  B  u>4  c.  rono«i«d  ■rub  ih«  hm«n ,  d.  in*  u  twnt  one**  OniMM 


the  dial*  arc  diKngaced,  enabling  t>ic  operator  to  read  off  the  lime  by 
hand*,  without  the  tedious  c.dculation  necessary  b>  other  mons  £cne«ty 
i  >yed.    T!:       bi       Eneaaianatlblc  invent]  liy  uc"  WVratuaoe,  - 

devising    iirw  m   im;mtt   n^.   .>M<-r   invcuti  ii|>I:iycd  LB  h 

Telegraph  Thermometer  (Fig.  C 

Trm  batrumenl  -..  .  WheaMra  ;  jd>  *  \r-,. 

vi«..  the  tnc.^ns  oi  ajacrttaioing,  day  or  ni^hr, 
ihe  temperature  of  any  lofty  summit     such  as  that  ol  Mont  ItUac- 

The  eut  (Fif.  G    represents  the  general  internal  arrangcanewt  of  the 
mentj  rt-i'  lecrtain  the  icmpcmtBrc  at  a  ditrfnnt  point,  two 

wires  connect  them,  the  earth  being  used  to  form  the  thud  coedtKtof 

The  apparatus  includes  the  thcrmomctrfc  arrangement,  and  al»o  an  decva- 
magnetic  oontrivancr  for  ©on *  crting  the  vibration*  of  magnetic  needles  bet*wa 
dectro-magrvei*  into  *  cin-obr  mnMon.  for  the  purpose  of  altering  the  ckark 
i  one  efccoJ  her. 

In  «  .  t  the  trtnprratvre  measured  by  the  .nrstmraeot 

mentioned,  :hcre  w  .in  electro- magnet  re  arrangement,  juk!  al%. 

magnet  Willi  fixed  coil*,  ha  ring  an  arm*turr  «j»j  i  r>  |**c4. 

of  being  rotated  by»bandar,  to  produce* set x-t  of  all.  «enal 

CX  p.  410.  rrprc sens  the  ir.r  m  l  .-.-cistruetion  of  both  laHfan    'J= 

dwttc*l  anil  other  hee*  represent  the  wire*  nrcrtxmr  rVetr* 

•aft*     In  ttefaob  A,  wfechi%  attached  to  the  gi»«  covering  men*L« 

*«U  metallic  tnerw*^aeteT.  hanngahaa»d  or  potater  attached  tcia»» 

i » the  umc  liae  is  as  Insulated  axle,  with  arm*,  c  and  K  proece*ncm»»*- 

»*ral  spring  lending  to  maintain  the  contact  of  the  arm  c  with  *e  haWfc 

b  'toothed  wheel,  r.  with  a  spring  catch,  k.  the  aid  «W 

■n  the  pinion  c,  connected  by  a  tpta&c  with  the  oh- 


WHF.A  TSTONE%S    TELEGRAMS. 


419 


itmg  arm  pnrcvding  from  the  lift, •      the  magnetic  nccdlei 

' Jtf«l  between  t«  only  one  is  shown  in  the    rawing) 

iln   .ilpli.i  Irgr.iph  (Kiy  a)     0  k  i*  •'  limOai  u 

n    ."  Inn. 

I  an  observation  is  about  to  be  made,  the  iit.il  of  the  indicator  is  ™I- 
fWed  to  ccro  by  means  of  the  rim  l\  and  tin  h.uull.  .  i..-.. ted,  producing  a 
•enea  r,  ru  t;. tin.    un. r.:  .  v**hjch  may  be  imagined  to  lake  rbc 

course  indicated  by  the  arrows,  coming  irom  a  coil,  passing  Ehronj  h  wi 


i-uj.  o. 


i(  the  thort  wire  to  the  axle  C  D,  to  the  hand  n,  and  wire  7  10  tin      D 
IC  magnets,  ttlUfl  completing  the  cirruit,  cmining  ?  1  ■  ■  -  n.vill.      I>.  ft   ..  n  the 
1  oscillate  by  their  alternate  .mraction  and  repulsion,  communicating 
[he  arm  m  j  to  the  wheel  ir,  which,    v  its  peculiar  construction, 
,  .11  1  4  municating  ilmi  ■■    >n    ..  In  iwuim  <>r  a  -  .  to  the 

,n  the  direction  o  fc  uj  the  pin  1.  prating  against  the  arm  D,  will  draw 
iway  thr  arm  "  fioni  the  hand  n ;  the  piece  D  c  will  make  rotation 

m be  an  an  hy  thi    irms  1    n   the  angh    being;  thr  mnnbo 
c«*  tl  ■  of  temperature,  thu*  breaking  the  circuit  a!  C  h,  and  completing 

it  tb  tlir  wlirrl  v  and  win- 8,  including  theensli  K,  imparting  motion 

tothe  hand  01  mc  means  to taoM  ahead  bto\wbicfa 

mill  ■  mtU  the  catch  r  arrives  at  th    pin  1.,  corresponding;  to  th-.  1 

in  ttic  icail«  ol  '!>'  instrument,  when  it  will  disengage  thr  pin  h  from  an. 

print;  forcing  arm  c  in  com  the  bond  B,  thus  rotor  ing  thi 

onditinn. 

n  the  circuit  1    complete  through  the  wires  6  and  7,  <  nK  the  coiU  i 

ccane  Into  action;  but  when  the  connections  are  made  through  wires 6 and  8, 

bol>  used  to  act.  moving  the  arm  <   in  the  thcimomct..*!  hum  the 

cat  po,iu  .mil.  iied  on  thi  dial  to  (hi  tero,  a  id  in  Lbs  uv   ■  itoi  ft  im  tin 

ro  to  the  bighesi  point,  when  the  motion  of  tlic  pointer  will 

tinn  lhe  ttait  of  tin  dial  R  a. 

*7— 3 


•410 


r/SM: 


Inapflpcriv 

at  Pwu  he  thu»  sums  up  the  advantages  of  his  automatic  pontic;; 

•*I*ill  mni'in     \ff  offering  *  few  adt-antaje*  pour.. 

I  COL 

tc  ■        " 

t.  -nil     irrnvil    ti  w»ll 

"fUy  lira  tied  b;  nsiiMHi 

!u>a  of  the  uucmat. 

■: 

ihouph  for  voy  considcnbl> 
limited  in  eono  ntluencc-.  idcccr*""* 

itl    luvt  to  «alc*cc 
I    .    'ii  there  «vrc  no  advantage  in  p*-  ;(iitypo** 

MRom  '        ■    i  the  voluntary  process  of  trans -n 

>blc    Foi 
necessary  that  iheopenso 
in 
1  in  ni>  li     i 
i*  koJ  vrald  »Cnii  i 

■ 
. 

in  whatever  f»r.  o  tkcpff**- 
k'./ be  preparer!                                           ted  even  I 

iccuraey  arc  obi 

...... 

4  to  prep    i  ;;cs  for  a  single  tclev;  •stMla** 

hi     ■(  view,  tlirti   liirtv  i*  ul    fi 

i         j  pied  by  I  In 

•  new  *yntcn> 
mefctag      u.  throw  li  <f  n* 

.     ,il    !•    i-t  ii  I  I  ')<    II  I    '.t4tt* 

.sr.thoui  •  moinfr  wn>  >*hh 

1  thouj  1    n 

I,  .11!      I-       !. 

rn  generally  adopted.  Uiti 
bemore  convert-  iges  m  the  office*  from  «hi 

•    ■ 

1 would  in  •  &■• 

. . win       h   ,      ■■  li    he  Ii.iiimi 

■ 

•  >  wtmrnt  d  (he  *d< 

LfCh  It  ic!:.l 

iaem 
1.  which  would  enofl  pent  y^ 

■  ■ 

it  Ubori 

<_•  iruy  be  toractlxui 


Tlih    ATLANTIC  VAHL& 
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Till     ATLANTIC  TELECRAFH    CADIX- 


utcc  of  i  conductor  of  any  given  metal  is  dirtctiy  p/o/>o'. 
j;  mat  '  •  id  tkttkMit  Of  croto  sen 
toon  found  tobe  nee<      try,  In o  pi  i  tments  with  thou   'i"1    ol  m  Jcs 
of  cable  or 

ily  ihc  ii--.rs<.i:>.  i    of  the  whole 

:.  md«  "i"  a  i  ommttt<    of  il     Ri  itwh  rXssocja- 

Imki.  w!h>  •:]•■'' ted  thai  m  Kn^lishmtfeofpun  -  ippo slumM 

fa  nl        !Im\    furthci     tOl  :-l\.l     .mil    jiU'.itlllin, 

affected  by  tcrnperatun  Ihc)  deposited  as  the 

standard  of  comparison,  and  this  len  th  ol  win   they  estimated  I 
be  1 3*59  of  il"  i  [he  copper  win     Bobbin;  upon  which  hundi 

i  copper  win    No.  t6  would  hare  to  tie  wound  would 
too  bulky  andcun.  to  manage ;  it  has,  therefore,  been 

■.in   lUvcf,  An  .il!  i]  "I    il  iri-  <if  copper  with  a  fraction  of 

-','iii«,ji;r;       ■        lt  should  be  employed)  itl  u    boutthii 

po*c    than  ilic  same-sited  ntly  ihc 

mIj:iI  nut  Mould  Ik-  rcpn  i  (•>  lou 

.    il,    p|  German  silver  wire     i3'S*toi  ish  mile, 

The  bobbins,  havixnj  u  v  ol  an  I  col  Gca  nan  sUves  wire  wound 

pn  writ,  thru  lorr    .i  i    -i-i.ir,-   rcjual  in  mil    mill 
The  li  ill-  .  H     tching  between  Valentin  in  lic- 

iBd  !  in   Ann-:;..:.      ■  It  .1.:  rn  c  of  J.fJOO  il  nl         b    1,858  tCHOU 

and  each  knot,eguaI  lo  7|  nautical  milt     has  an  ■  cctricAl  i 

iper&turcof  y y  Fahrenheit,  equal  to  417a of  the abovi  ■■     1      I        units. 
Consequently  i,fte.s  knou. multiplied  by  4';;:.  would  pvethe  rrslttanot  ol  ill. 

whole  ruble  34  ','!',?  II.  A.  imith ;  uf,  allowing  for  diminished  ri'.i-t;n:< 

1   ttire  of  the  bed  of  the  1  certain 

number  of  uim>  I'ti  that,  wc  h  1  e,  say,  7,500  B.  A.  uniis. 

"nu*  rvsinUnci    of  tin    cihli-  uf  1 S.         1  Hi    La    ran      ■  lath,  i» 

7,604  It  The  Tcsi*unce  of  the  last  new  1  able,  1  166, 

uniiv     li  i-.  su  much  be  tnimi  1  i-  arc  tovaatfy  improved,  that 

twenty  words  vcr  minute, init  1   1.. 

twonndahall.    'Ihc  n  inree  tiroes  more  speaking  j>   > 

now  it  ii  immersed  in  the  Atlantic  than  it  h.i.l  on  b...t:.|  tin-  Groat  Eastern. 

if  the  article  on  Blcctrn  ti  strcs*  w. 

upon  the  explanation  of  the  phenomena  of  induction,     i  he  conducting  " 
01  the  Atlantic  cable,  formed  of  a  strand  of  seven  wires,  each  0*048  inch  in 
thai    cni:i:  10.1  wii    of  0144  inch  dfc  rsettr,  an     trrouft 
nl  Uicd  by.  jutti  percha. 

Such  bcai  cj^y  10  understand  that,  when  oonvq  [iuj  an  olee- 

1  iii:-t  1.  i  am*  1 1>  "K1  'I  like  •>  1  pyden  jar.    Tin*  wire-  ii  tin  uiuvi 

ting;  the  gnlla-perch*  is  equivalent  to  the  e;lasv   mdthi      ill  ^atc 

tmixn';  allic  1  nating.   This  en  irm  >U    ' 

inner-  ooaquan  foot   wd  it  waa  the    bar|    nuiinlaincd  by 

the  cable  that  wemed  at  nflt  to  negative  and  di       ■  ■     >    BJ  '    ending 

1  rty  is  now  found  to  be  moit  valuable,  and 
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TfSJf. 


Kl<>.   Ji4-—  7*/#.w^jiWJ   fCtjtttt/'nj;   (j*/i\tw*'f  • 

r.  |1  ti 

it  made  u«  of  to  expedite-  the  tending  of  itic  fcignaK  and  la  m  n«f 

,-d ; 

Tl.  ',1      , 

nd    ■  '    ■       i    ■  "id  i 

upon  i.  ....  ulc.ii.  ill  In  -,  v  lk*1  I  nllW 

■    • 

Sli  WUhun   I  hompaon'i  reflecting  galvanometer  needle  i»a  nocihie  A* 

ir.iho:  ion  to  which  -  ,;;• 

^nd  brought  tl|  ,  rp*.* 

of  refinement  by  Mr.  Uockcr,  the  lenrned  am1  -  uMim" 

wu  making  one  to  thaw  a  rv 

Mi  mou  ad  menu  for  datttfli*> 

nil      'Hie  TliouifiMin'*  refloating  KiIiTinomctri  nctilk^i 

named  Institution  by  die  mil 

III    nil.  I .  -4  fin*  rnpajpr  .  ■  -»     Uo* 

-hich  are  wuifld  **r 

hundred  yards  ol  insulated  fw<  n  .men*  n*klr* 

pUcvd  down,  Btee  t* 
■  e  ihc  delicate  needle    a  Hoa 
tprinK  about  an  inch  long,  and  weighs.?  <  nls  i  (c*    grains,  and  hiaige.- 

v;  i;^mi 
June  caused  the  imrfnurw  -  <o  be  toodelmt*  for  itci'-irr-nxm  purp 


^EFLECTJXi;    GAL  ''-.■■'      |g 


Tltcmpttn't  Rtfttiing  Gsh>s*t*  AY,  twrt  iki  B*&tnt 

*f*md  to  *4*ar  tkt  s»jfrf«M  Xtfiilt. 

Fastened  I  ,;rrei  is  i  circular  mirror,  ground  sightly  conciwe. 

and  ocixhtnx  »nl)  j  i  01  an 

|  |    ;l»'         Thru-  jrv  wflctlcd 

tttnn  -  n  length,*"  it  i  the  tpotw  li'^ii  "'  ".■'■  it  <  Livened 

tlM   be  ».<-':  In     in   .ni'tifiicr  Of  mir  lln  iitn.iiio    pCOplr. 

The  rnovt  tbOM  Of  ''»•    D  •'!■' 

r  that  the  1  Puj Ij  I  ■■ 

(bcindruinr.'ii,  and  not  by  terrratTial  fnagnrliam  aeon  d  •' ed  maj fni  i  avonc- 
1^1  up  md  left,  or  .»  lira**  rod,  i*  placed  abov    it. 

taoit  conicr<icr>t  (or  keeping  the  aih  oi  die  !m  It ■  nm  mi  v.ntdi  its  jtinchcd  mag- 
w,  exactly  bctwvci  i  with  (ha  two  bobbins  Dfc  or,  in  oth«  word*, 

"      >     ind  [i  represent  the  connect  mj;  ••rt 
momctet  ii.it  wouli'  )cd  the  writer  t< 

nttrvatinR  p<"> 
vkh  tli  Telegraph  cable,  untc**  he  had  u*cd  .in  instrument  for  which 

Vrfficicni  credit  lu»  not  been  given  to  Iti  diatmguSsacd  Inventor,  Whcitstonc. 

Tm.  utl   Rimmanck  MtAStfl 

Thi>  ivu  b\  iht  name  of  Whcateton  >-'\  wa» 

!  b>  Mr.  Decker  on  the  largest  I*oj 

'  !i      111    -i.  ;<-.-.i:.ip.-<l  hi        »  |>1:i 

I  .      . 

i  A.  Miit  of  tienrun  -tlvcr  *irt  n 

I  c*th  bobbin  icpreacotetl  a  mil 


*'A 


MAG. 


;ic  Jceture-roon  iwioc  of  two  tnk%  at  compared  wish  ■•*-**< 

ui  wu  demonstrated.     The  resistance  of  two  e«v 

...       li    Wffl  W  bC  .il  <itJ  by  h; 
Thice  tubs  of  water,  containing  three  knexht  of  wire,  mcutna*'  en*  tafr 


Jnrd 

I        ! 

don  n  .  Mid  It  <:i*ld  A*» 

■ 

..i  iir.  Atlantic  Ocean,  where  i^v  happenc<l  if 

■  ■ 

*  IV 

■•l  re-splicing  of  the  old  A' 1  ■  •    r      • 

WftCOOfcatb 

tl«C  * ■    !  ■    ■  ■ 

.,       ,,, 
... 

i  iru:  ducraOM  and  njAifl- 
tionj.  which  he  trusti  wil 

The  pi!'-  of  Ihr  bo>fi.t^r 

.  and  the  conri  on  the  left. 


Fi<i.  396.  -  illAi-V AM  L 


»iU*  yf  iliicr 
[ttcrv.  ft  it.  it  renmncni  liv  rwr4%*  nut ■.  n  ■  nlafc  1    .•  *   ••*  i 


1 

'  represented  I  ' 

1 


Fia  357—  Dur.RAU  II. 

i  rcntA  represented  by  mows,  both  pats  through  equal  resistance 
,  nrwi  the  Miin-cti*.  'it  past  direct  to  the  k*v 

niwltur  broken;,  and  throu>: 

•is  arc  purti.ilty  arrested  by  the  equj    i  I    i    atxJ 

ihi   .■  Ji   i    i 
p  of  •        ■ 

icf  gently  lo  impel,  a  pari  of 

p 
he  soke  o(  discussion.  Out  tiro  part*  iiau  lo  Liu 


4±b 
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meter  from  q,  and  two  para  from  s ;  tucii  cvrPCmt**  onniin{  In  oppMUt  tt« 

Uirnujcb:hc  C-  -i  tl<» 

fore  ihe  nceole  of  the  Utter  Jckjs  not  move. 

Wc  have  -6  proeo  t  ui 

4+  = 
turtcd  wiin,  whii  ..  p  [trough  ih  •:''»» 

The  w.iiiul  di  n;.  307)  rami  **»  aftwnnarl 

*nd  (e  is  recommended  ttuc  the  latter  be  traced  on  tr*cia#-p«pcT  bj  tie*- 
dene,  who  can  place  it  upon  Pari  1.     The  current  j 

pan  ..    Tin:  i  j  ke**uW 

J I..  the  greater  part  "<  A      m    \t,  say  $  a'  ports.  i,*** 

x  A  ihrouRti  the  latter,  consisting  of  copper  |  a  rauusrc 

coil;  r    |  ,  ih«  current  foipgby  A,  thrc 

■ 
in  ihc  eurrcni  RoJnc  by  a.  h'ui  11  .  .     i    •  tl 

I  anrtod  j- 
nounts  in  ImaginAti   u 
by  t/,  Part  I.,  rcprcKMrd  by  three  pArn,  urn 

uitSi     The  iaou  fall  Ike  cheater 

r,  one  and  i  h-iH.    In  Part  I.,  ,:o^>.j»i 

l  II  ,  live  £0  bv  ■  ;  .imiI,  it  tin'  two  arc  added  together-,  they  j*ja.i  aaVr 
1      •  [":<  "  before,  travel  through  the  ttey  and  cWKtit*''* 

bt  other  polt  of  the  battery,  b  a. 


riO.J9»A— I>IAO*AM 


Tte  di«gr»«  fFiK.  S9*)  explain*  the  use  of  :hc  "  bril 
conductivity  or  reeuunoc  of  wires  of  dhfcfcnt  metal-  jjw" 


THE   ATUWTIC  CAl 


«'7 


ne  wit*.    The  lower  part,  a  h.  of  the  bridge,  nwked  in  dotted  lines. 
:  lied  by  *.  ;ilver  wire  stretched 

;th  a  *ca!c  divided,  ur,  ii  lyooru;  on  On* 

{del  a  clif-  E-RRV,  s,  and  this  is  connect**!  t 

mKtcr-scrvw*.  toe  other  screw  of  the  galvanometer  being  conn- 

"ved  to  a-- ■-.  n  >ii    tl 
of  »rireof  llic  il,  diameter.  *nd  conduct!*  i        The  clip,  s, 

in  moved  from  tiir  r  •   ryjj^oothi  iti  il  hem 

'531.  or  nntTl  the   -.ilvnnnrnrtn- 

is  quantity,  i3'3>*.  u  double  that  01  u  a,  thi  refott  ihc  instance 
shown  to  be  ha.  1  1  inc«   it  I .  b  1  Wi     A   has  two  coil*. 

;  e  mile;  sothat  it  11  shown, without  im  ->ow- 

ibsolulc  length  of  the  twocoilj.it  a    the  wire  under  ocamir.' 
it  double  the  length  of  tin 

oca  It  (OS  is  6*66,  and  tb.it  from  P  to  fc  I3'3W.  and,  tfCQM  El  i4d(4  to 
lt,  to<v  make  up  the  whole  talc  of*  20. 


■AM 


V 


II';.   T>a-     DlAGKAU    IV. 

0/  the  diigra'  .  9)  is  to  explam  the  use  of  tht  arrtingt- 

caci  point 
i«:»*cd  tobrbrokta  As  b- ■ 
KTBOt  ofthe  bri  -.;m!*ui  ; ileyou 

aarra*.  darting  from  the  battery  ha,  arrm-t  at  r,  where  it  rpUl 

•  p*ue*  alonr  1 1  -..urd  to  iti 

,'ma.    1  nnomcter  needle  it  feroqgtt 

by  the  babnciDC  of  the  resistance  of  the  cable  by  various  resistance 

>uppc4ci  the  cAhlc  to  be  perfect  vhen  the  c  t 
ftre. 

is  now  Imagine  Out  the  cable  Is  broken  at  x.    The  spot  of  light  from 
•on'*  jsalvaTK.-T>ftfr  DMtfh  Rfc   J'M-  V-  41*)  »*    HOh 

!  oe  deflected  when  the  conti 

o«*  intvctlte-g  through  the  whole  length  of  the  * 
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i  . 

rnon 

»,  i\    moii. I    to    .       I'      i,    !    .       n    . 

from  i  I   r  gr^d  i< 

I   lOppOlCd   I'   Ik-    V;(|r.-:i*.  >  'foufldkr 

cfti  and  are  jiiu:l>  dei-gutc 
II  diAgroBUL  to  prevent  confus.e* 


M<;.  400,     DtAOJUU 


The  last  diagram  (]  d  ■  grncfa! 

Of  the  apparatus  rrnpired  ■.."■***»;. 

the  great  Atlantic  T- 

Wei  itki.    13  a  i*  the  battery  eonnectctl 

I 
the  really  bo,  15  it  15  a  wire  BtOthCMB 

scnts  the  cible  under  the  vjter.p  i 

l.i\-  i'  i  -i  .i.-i  ■    llir  L  iik'.i:  i  »n» 

Lcyden  b  * 

lt»C  CoUc    -II    lllf   |X)llll      - 

drib-,* 

| 

nnderatood,  u  one  o  --jo  of; 

thai  i'  hoc  <an  d< 

the  cable  i 

■    he  point  <: 
n  the  qrcattr  pan  >       ooefc 

■ 


THE   ATLANTIC   CABLE. 


**<> 


R  d  te>  tlic  cirth-platc  £*,  and  from  C  buck  to  the  battery  n  at  through 
&rth  plan  , 
The  current,  m  passing  through  the  galvanometer,  deflect*  it  until  it  tut* 
fully  charged  the  condenser,  whin  it  return*  to  NTO* 
The  mgn .ii  i  by  pressing  down  the  key,  K*  and  so  putting  the  cable 

earth  as  the  key  is  pressed  down  upon  /-,  which  is  connected  lAb  the  earth- 

pUtC  K*.    TllC  lXlll«.cqiltTlCV  is  lit  i  li.TIJiioi!  of  I  he  I  sUf  t'alU  1k1 

thj<  ■.■  ..:,,..!.  dten  now*  from  the  con  •'  throuj 

tbe  galvanometer,  c  [deflecting  n,  the  deflection  being  the  signal),  to 

cthlr,  in  oiilcr  t.»  cataeUafa  the  oijuilibi  nun  of  thr  l.ttlrr. 

.  banquet  given,  at  thi   Polytechnic,  bj  rhe  chairman  and  directors  ..I  ;l 
Koyal  Polytechnic  to  Sir  Charles  Wheat  none  and  ii        icntM    men  •  »!  La 
dan,  .it  whu.li  many  noblemen  and  ccml >. i ik-i.  |  .-.uiul.tln   wntrr  vm*  en* 
by  i  various  telegraphic  companies,  to  bring  the  w 

the  Polytechnic ;  and.  vhnn  the  company  were  icited,  the  following  mess 

tent  to  the  Prcsidi  n|  -i  trig  United  State*,  and  hi*  answer  ntcaf 
printed  in  "  I  !i>   E  waning  Pom,"  New  York,  Wednesday,  January  i 

*Cabl*  '■  •cm  j\un>fii    :>  /'/, ,  mbrr  30;  1S67.-  rhefollov 

ing  juIvh  < »  by  thr  Atl.itiiii  Tdflgranb  bave  bean  en  c:v«l: 

•  nrnouMTio*At  courtmiil*. 
*  Jjn.  .  mbcr  2±     At  .1  banquet  given  ii  the  Royal  Polyto  hi  n    11 

Sati_<  (   last,  in  reply  to  the  following  sentiment  from  the    Out.     ol 

11     nd  -        harles  Whcatstone.a  despatch  (rot  .:■  1    1        idcatofthc 
imid  1:1  at  enthu  iLaam,     Not  a  Ihtli  of  ii  * 
attaching  grow*  out  of  their  rapid 

'■USMOC    01      I'll       DyifJ      Of      WMIIM.IIIN      [0      CHI      H^-IIMM 
SKI   L'MTKD   VIA! 

■'Jtt/uJ  Pttyttfknic,  LaHd&Mi  December  21.— Tin-  Uukr  of  Wellington,  the 
.  entific  pi    Is  now  at  th    Royal  Polj*   hnic,  London,  Ens*- 
l*nd,acnd  their  moat  respectful  greeting  to  the  President    fthel   mtcd  States 

.  »|K»|of>' bemv;  ihat  in  the  diACOVcrii      A      tenet  ErM   :iucrcourse  t> 
two  great  nation  1  is  indebted.' 

message  wis  9  minute*  30  second*  \    tra  ii  from  London  1o 

Wa»lnnt;Ii>!i    ,is  follow  % .    London    In   I  lc.nl\  (-tint    il        [11    itili  iCCOflds; 

I  l  nvr.    I   mUllllC    |n  v.iMiiK;    a!    PtjWl         I   OVl 

iter  Cove  to  New  York,  1  minatc  y  ftoeondV,  New  Vol 
Washington,  1  minute  30  seconds.] 

I  I'l.V. 

"■  //  '<--/■  31. 

m*£h$JU*fWtJUii£tHt,  London    1  rei  ipj  ••  itc  ihe  firtc  id  ) 
banqueting  party  al  the  Royal  I  •  with  thi 

the  sentiment  tlut  free  and  quick  communication  betwci     i  RmentaamJ 

iin  importunl  Mgc-iil  in  pirsm  ind  good  undi 

tlvniighr.ui  ilir    >».iil«i(  and  ,iHv .Hiring  *ll  the  inlcn  Mi  M  •  ft   111  itton, 

••'   \MiKI ■-..■    J"IIV 

t  reply  occupied  20,  minutes  in  actual  transmission.  <  >n  the  same 
wtning,  J  meavagc  of  tin  m-,  two  worcU  wa*  atoned  from  die  Polyw  hull 
for  Heart's  Content  .it  exactly  9  p.m^  ad  U  9.10  •,«'  "!'K  of  cwonzy-toni 
words  wzi  delivered" 


tGAr£T/. 


completion  of  (he  snides  on  Ugh  7.  ■ 

.immatcd  than  bv  a  rtpMt,  w! 
•tie,-  of  Farada,*  ftcccore  at  tie  RoyaJ  InanuOoo, 

Os  tui  '.thw*  or  FOfcOL 

ben  ve  occupy  ourselve*  of  powr 

.ml  peal  -md  nco 

St  hrv  ixiT  •  ■  *  *iD 

iraire  to  let  loose  the  lorcc  of  the  pnncipi. 

rv-n  tbC   AUMfir*:  ;WappCJf.  f.#  MJ 

mo?'  Ad  strikinr,.  appcxr*  •  nam» 

tioo  of  no  other  force  than  that  required  Cm  .  we  do  not  taowm 

.  the  dearie  force  cm 
nriic  The  twoek*tnctin  ar»«kvtte|x:l  ii  |»wparw«*; 

and.  having  appc arcd,  w-  may  di« pose  variously  of  the  influence  of  cor  oi** 

.-!  arm 
to  nutfcc  tin   n  ;:<  of  the f 

come  short  o£  the  *•'  tflTia- 

.1  in  t  :n  the  to.  '.->aMB4 

chan;  «iito 

this  pari  of  science  aa  even  moderate. y  known  to  us.  «  **l 

Kfanj  ■■«  ii  jmelecuic  Ann.  .  .**  *ieM  !*  tsr* 

,  is.u  uaarvaa 
luidi  of  electricity,  each  particle  oi 
and  ii  the  other) 

\<>  the  ii  i      ii  f.it  i£k.iUt£c*it  t 

of  gravity     Tni*  hypoth.  :,.■  la- of  tlr<»* 

KTvxi-Mti  of  Iimlc.  Jtod  tjptu  to  .ill  il  e  bevn^  or  out  sk, 

.    i 

is  a  given  nmount  of  po- 
onlj   ■  e*  with  the  sum  of  thai  a=». 

of  two  with  only  half  the  power  it  <c 

-.umptions,  the  conservation  of  lore-  . 
ill  the  MOOnd.  is,  I  think,  nu< 

uun>  regard  to  j;i*;iii  '  r  JkM 

;i  ;li:  ri<  currents      *  i 

Eou'dtobci'  iina/icc  or  d  ot*U 

<t  fane     i    II  all  arc    ilrnd  c'r>v*twiion  of  pci 

trinciplc  to  which  lh«  j  ■■■      The  pnacipt 

^eilgc  arc  no»  so  I 
bi  ■ 

cmnvu     .md    I    think    th<    prim  ipl«    "I 

h  rl  mental  phito»>  thai  ilulj  ii»  same*  which  ex. 

art  oi  problem*  10  be  solved.     It  *ill  lead  r\  in  xtj  « 
force  i  J  in  form  n  altered  indirection  or 

isei  ul  raacneiism,    ■ 
id  t-3  ascertain  that  as  a  vfcoh  .  «*J 

ip?car.  either  ah o. 
it  wi  '.briun  or  fomi 

■ 

i%  develop 


peat  At 
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tmg  cquival.-nt  to  the  fcace  *o  appearing;  aj*d  many  *uch  taw*  !h«  n 

->^ti»».      W  ..rv  .1*   m   the  el"    trie  <->r  magnetic 

r  less  duchanjrc,  or  th  an  increj-vrij: 

arch  ii  t 

•.,:/  ^1  pari)  to  them. 
»Uo  mi*;     p  inquiry  4  or  external  state.  bo!h 

■  ■  after.      II  o«cd  ..    ii  -■  ll  tug  •(  it  the 

tlir   [Km ci  frr.m 

body  t«»  tmily;  and  in  laj  »rti  in 

wli-  -..n  l>c  truly  .n  h    11  .1!    1  dill  11  ■  -.  or  wliethi  i 

l  ia  not  nemanriry  prwnt.   V  littnd 

»»  > 

mongat  the  ...i  .< 
;  .--  tented  '.  -  11  .     1  It    .  if,  in 
1       taon,  »c  can  pcro  rre  the  eonv  I  H  other  like  acts  of  induction  with 

If  we  ihea  uke  in  electric  current,  and  compare  it  with  this  Indu  th  a 

v.     In  il:.-  -..km-  manner  we  bare 
of  the  consistency  of  magnetism  with  electricity,  and 
ihc  fomir  :  the 

■  in  wiiii  any  of  tlnaaeaDrffl  n  rtvongly 

1  our  ignox;  How   imp-  rfcci 

ic  cutrcnt  nu«  he  il  wc  wert  bo  leal  ■  out  ol 

!•:::,  ion,  ii    nut  mi -ii.    infl  ;<  m  1     1  ■  ■  ■  hi  imcafl 
idea  of  any  on  r  ■  en  H   1  ••  ol 

colt  tided?    'I  hat  there  should  be  a  power  of  gravitation  exiatinj 

by  t*.w:li*.  having  n*  relation  I  -  r  rt,ilur,7.'  fiintvrt,  >tk>1  n«>  »v,rjV<7  A1  Mtf 

■i/  c*«i(T.  .  that  there  should  be  a 

p*i«clo*e  of  I.  t>c  only  the  :•    dual 

tii  bar  tried  Bo  ihow{  inii  iKa 
afcowld  i  • » the  law  of  allot  her  lorce,  and  should  beom 

■plic  ll  c 1 1  "i  i'  "lable.    So 

wc  irio^:  ndiny  power,  and  rndcavoui  to 

ompal  •  1  *  I  *    miIi   th.    principli 
gcf.-  1  ennmeaa  of  1  b  ll<  .  <   th  d 

nthci  incline  '  3  believe  t>.  »i  K 

■ti'if;  each  other  by  gravitation  act  by  lints  of  force  of  definite  amount 

rici   >t  in  mm -■.:    or  electric  induction,  though  without 

pol  cyan  ether  pcrrukne  ail  parti  of  ipaeo,  than  admit  thai  the 

m  be  dispensed  with.    It  may  be  tnppoaed  that  one 

:    i        hould  hardly  assume 
-ind  fore*  of  a  principle  ruch  jk  that  w 
la.   Myapologyts  ink:  I  donotpt->  t  a  mat  ha 

tna:  in  equally  acute  mind 

,    ii.-  md  |M'i»>  1  nf  ;i  natural  print  i| 
Ktiiiti.      I(    1  ■  ..!    1       i!i.    Imowhcdn    ■  I   any    new  principle. 

and  every  amount 
mi'  ■  d  and  adji  m  with  wot  tdva 

•i«j  aVrtold  results  which  the  experimentalist  can  do  n- 

Jiscotcr  dyniM  Icctro  ni. 

i  nor  evca  sugjest  them;  (hough,  when 

cxpcriinui-.aJisu  it  can  lake  thcra  up  wiut  extrec*  Ucl 


<->' 


l  rus  tabulated  the  rnufcs  of  the  pow-.i 
irwgh  "■**" 
pcrturbar  rzvrrJ  a  |  .A-i-nn 

■■  kTiUUQf  force  of  other  kinds  than 
iT.ce,  erf  w-h-eh  it  knows  nwh»,\ 
noihi  povti  billy 

wJi  accepted  as  touaifi 


■ 


phito  n   tli.*i  m.-ti  t.ilcr,  n 

»enl 
mm.  ul  the  more  (r 

labo  ion 

those  which  arc  known  in:o  one  harmonious  irhol 

ir  i<«  ■■■. . 
none    Let  us,  it'  wt  c  a,  dl  «  n  ■-  a  n  «  Ihinc  I " 
ancc  and  character  will  be  casilv  developed  all 

•cd  that  l  V,**f  **w  C 

Doubtl  :.-d  w* 

■  itfa  I  .;<iAct-«h 

hould  find  re<L%on  within  tHctnsc-hx  ,  aftu 
to  uk.  ind 

judging  I  spcals  of*  smcN 

.  anil  m.ila-  .1  -.'.r 

b«wi         id  ihoUf  who  were  ixteompcf        I" 

■■'  ..... 

...  .  . 

if  iiiii-ki  be  witl  i  n    til  |>I> . 

discoveries  u  Lam  or  l.>n^vr  Than  any  jt«  tnide  m 
1  do  no!  resist  the  i 
who  works  •'•nth  .m  came  I 

•<imit  the  destruction  or  creaii-  ^iraird 

Just  as  the 

d  by  the  *■  ■ 
r  expect  to 

•l    All  t)i.;t  u-c  hate 
Ipapbi  8 

until. I    ivmiirr   i  pcrpelU.il    

■  itnoul  ■  -.4us£.*vi*S' 

1  n  >.\  ii-iiwr*" 


PNEUMATICS.^ 


;oi. — The  Pm&tmatic  Dufnttii  t  \*tvf»,i»y  s  Tube. 


PX  HUM  AT  ITS. 


INOF.R  thr  «!rfrl«!      Wli.il  .1  i  iinini-  bill   i:n|:«*pr: liable   KfSCBOf  Kltlli 
lubci' f  this  vast  cHy  I   IVxiayoujcahM  m- 

makr  way  bo  ausc  !iu  itieeu  .Ki  upfoi  the  nem  watcr-plpjea;  toTnoritw  h 
many  months  ago  it  win  vwage;  .md  turth 
c4  ihc  Pneumatic  Despatch  Company.  Air  made  the  sla.cof  man  I  An. 

gtr  fOnaUl     tn  SUCh  a   wild    ant]   duuhtlul   pith,  1.   !:.n-  1  n- 

choJncd,   md  inndi  l«  behave  il  • .'.      ["hi      ir    annot  blow  the  parcels  hi 
and  thither,  like  the  gossamer  ol  The  s*:hool-boys    the  supposed  lien  Id.  in 
youthful  ut  work  it  mu»!.  in  on  01   thi   other,  by 

.1!*    man,    tin    u    h    .moth    1  ih<    .u  .11--.  ;i...i»  ,    inovtog  ;i 

it  instrument  called  the"Dlo»ci 
Hipp  LprrsAccI  the  deep-drawn  inspiration  b)  Jlinym     tad      m  •■ 

be  iuppc*ed  that,  io  consideration  nf  the  IMmur  rnruirod  to  work  an  aft 
pump,  i  iv  one  of  the  old  days,  they  agrcud  to      II  lh< 

d  tu  clasj  the  whole  tcriei  ol  i.i<  b 
c4  Pnru'ii  alii  )     Be  this  at  it  may,  the)  itykd  tht  latter  tin  litter  ol  Hydro- 
*,  ar>d  oinudered  both  to  be  a  brand*  ol    M<  >  hai 
The  learned   ti  isidercd  air  (ihr  to. itter  *urroiindmg  our  terra- 

queou*  ;■  I  cha r  onlluni    of  all  kind*  of  created  bodies 

beudea  the  matter  o!  light  or  hre  which  continually  0ovs  Etta  (t  from 

S8 


heavenly  bodies*  and  prod 

.in  lie 
ArMotlc 


ibty 


irfdrr  ihmi  prove*,  OMprf  • 

b  ■!   bj  cma 

tbrelU  tarn  i  rarol 

tun  oonchulvc  manner,  ihc  m  •■ 

■     ■  ■ 


wchi- 

LWlt, 

inventor's  pum;< 

'•'i  ap 

fC<Mth  pi! 

nd  cemv 
t«i«  nilttoem  div 


a  »al««i  piscttt.  r,Aadf.  attached  to  a  p.- 
comm 

u"ice  between  the  ■  -i  the  tcp  4 

nttf  cylinder./' 

pUincom  he  bottom  of  tWluv  -17  index, 

■    .  :.   :h  a  of  A 
abovy  ii»[Kin*  the  rc<  mher  »w*el  ;o  wei- 

::iou^h  t\ 

■  i 
l         •  implete  pinmp,  i*n  mufarturrfi  i 

ihii|ki.  •.    riic  iiiottn  .  i>i  !')■  •  i  i-  ii 

oi 

h  iaa  untwed  byrocaniof  aaosvfwd. 

hi(1i  let. 

■ 
1   n  the  dM  icjctj  in  "Jtffti 

i:tp  oi'   till 

cauve*  It  to  p 
i  ■  a/Bbfig  t1 

n  v  i-  fammttn  ■    »  .  n  i  Jr  (*  i 
by  the  descent 

■me* 
Uilk,  IW,  iK-mf  p*opurbr 

•I      I  he  air  contained  in  the  imall  cylinder 
like  manner,  be  pressed  through  the  :To  -.he  ttmotp 

•*  I  'iirifi;  ill.-  .   .   .'-it     vf  -l:i    pi-.'<in«,  the  v.v.v;-,  ■•XV* 

ihc  vaket,  w,  v'.  ir 

|Im  J-  -  :■■•  in  unlet  th; 

,h    ih t,  while  ili  •  .    i  .    miln  titi+t 

.   iiuii  ■  !    •    ■ 
a  more  perfect  vacuum  than  t,  *eii 

"  In  order  to  p  the ai  lion    ■ 

the  improved,  n.  a«5vtninc  list  ' 

equity  mp  conk. 

■  ■ 

n      ;    •:..  .   n    |>  ri'i     i  I 

r^rtsKTrf  *■ 

have  found  does  not  rvao«e  n»o  | 


■  if  el   iltc  tic.     .      i  .  »  ►<  imvta  fit*  tbU  ■•«*■»*- 


•  >u«4^H 


the  A/a-n 


•u; 


more  Ihaa^^of  the  atmosphcr.    froi  .  however  long  he  I 

■ -■!  to  work  tin-  inftHumcM.     Wenwi  conchaae^ 
wbea  At  puCon  i*  io  contact  with  tlu  bottom  of  thi  Mill 

iniuni-*  a  space  equal  to  ^J^  of  the  opacity  of  the  cylinder,  ihrouj  tl  which 

the  put  be  dcprvfc»cti,  and  whprc  the  ab  U  m.  w'v  ettdeni  ' '!.  ex 

ponding  and  refilling  the  wh  r  when  lot  p  H  M  (l  ml 

■■  Now,  let  u*  suppose  thai  In  the  new  air-pump  thi  p   bod,    .  ,  1    •  !" 

the  air  it  •  cylinder,  i,  undisplaced,  and  that  the  pi  sum.  A 

vat  be  brought  within  (  ft  til     I         kc  of  the  lop  or  Dot:  m 

of  thr  smaller  eylindci  *  hcen  csnturoed  pad  bo  further 

exhaustion  is  cHcctcd.    At  thu  penod,  tht  piston,  f>,  irtll  leave  in  the  cyiim 

a,  durtrg   the  «\>miwiml    ■♦tinier,     ;  (  *>l    u>    hulk   Ot  ail   ftj    tin-  fttBM  p 

denaUy  uncvhju*tctl    if  it  be  raised  again,  this  p if  all  will  expand  and 

fill  in  the  density  of  which  will  be  only  ,,',„  thai  of  thr 

atincfcphcrc.     Thi.-  ptaton.  V,  mil  ai  Lb*  aaOM    til  id  t<»  ilu-  Up  of  the 

eth  ..i-  of  the  wme  density  a*  thai  rem  lining  in 

die  ret  ci"  the  exhaustion  having  reached  Its  utmost  limit,  during  the 

net*  downward  Rrofcv  no  air  will  1«  dii  ha    .-  <i  from  i  ;■  lindi  i  a  into  cylm 
B;  r<  ton  in  the  latter  will,  at  the  termination  of  trm  strol 

have  expanded  too  times,  and,  having  previous!)  expanded  to  aa  oqual  amount 

ml\  now  ix  reduced  to  the  density  v.'&u  ,ll-r  ol 

the  Ifnoforo   «-  ->v  required  to  open  the -\  reive,  ouli     ffl 

state  of  thu  from  the  uppci  Into  thi  lowei  cylinder,  unless  ihai  in 

tt*r  former,  i<  -  .,   it  w<n:lil  it.  nil  oF  thi  downward 

Ve,  were  n<  .  <-„     h|i  ;  w  tin  same  thing    •  r  ■  > 

not.  when  .1  hJlcd  the  cylinder  a,  i.coaooo  in  i.  rati  Ged  we  find, 
therefore,  that  by  the  addition  of  the  second  cylinder  the  vjb  aura  may  he  ren- 
dered 10*000  times  more  perfect  the  cylinder  a  had  been  employed 
alone  in  the  manna  01  xn  air-pump,* 

m  i*  a  principal  cause  of  the  imper- 
fection of  the  vacuum  obtained  by  means  of  air  pumps  of  the  ordinary  i  m 
•unction,  ti  m  ijcctcd  thai,  aa  we  have  m  the  dm  one  two  valves  and 

One  piston    mill       (h*n  i:\u;il,  the  lottof  rlTnl    from  thi  atll    bf  pruiKir- 

naJh  create        I  lowever,  i*  not  the  case*    On  the  contrary   ■'"■   i  n 

.ii  i!n-  vmIvci      'l  pi     ins  ii  diminished  m  the  i         J   pun  p 
nearly  in  the  lastheo  .  UBea&ansted   ipeo  in  the  cylinder 

■Nmii.;:Ii  ,i  given  aperture  bears  a  certain  proportion  to 
th*   I  ■••'   on  ..i.-h    -ill  ii|-  .r   Hh-  M|uitrc   rOOl  ol 

pre>  d  it  will  be  observed  that  this  difference     i  pt      ure,  especially 

ler,  is  very  small  :ith*il,  and  occurs  at  intervals  only,  where 
.i5.it.  ictinff  pump,  the  enthw  atmosphere  con- 

KMl  ton  and  exhausting- valve,  Bcsides.ii  I  air-pump 

the  fcrnkngcof  the  .i:r  '  pparatus  Is  opposed  by  a  prrattr  numb 

of  obstr  >  ither,    »  -wwn  the  diichargiiiK-valvc  and  the  !■> 


.  *4/r(  '..                 ...  urKi  "  "■ ,  ii  i  ■>   .  .i.   i     ,4Ml4ta      i.<i'  -i  luawDabc 
Hit-*-tl<  <!•*  t<«a»Mf<h  ,I<"  •  i-  iii  - l<vK<  fh<«*'<lic«l.    i  i>,-.  i  ii 'mi  ''it  i  Ik  ten'" 

»■■■!■    i  I  |Hitil|  .1    >i  I.    ■-     "    |illn)n  ■    -.  IliU    i         )■ 

•••'Ciku,  t*  pn<i«i< HiMllncnof  ibe  tvfuc  raip i  '••  «\<*"  iw  «-a«c. 


efficacy  of  the  pump  wcuid  *c<  be  unpaired  to  *aj  t«» 

ind  iay«r 
t>e  in  a  toy  leaky 

h  the  poorer  <4  obtain!*.: 
■ 

nrdMcribe-! 

rip  u 
-  whole  pemo/v 

,    WJKttf 

■  r*li 

vacuum  has  attained  that  decree  of  p«Tfc>:tk«  ' 
otherwise  be  cum.  I       >nc  of  the- most  obvtou  obi  vdfcq 

. 

EiuiuoftM  uro'- 
thc  very  gTeat  force  nhich  i&  uli  ate. 


■  in  diagram  (F*t  Apt),  A  >s  the  barrel  rf  a  dcu' 
wfcikh,  by  tkc  alternate  motion  <4  tin- -. 

'  Vwcd  v*  i 

ued. 

'  ided  |»*r 

trl   ill-     |)i  .!     II  'Tin-  C^.  I 

ptttrtet  ,;  «^H 

'ttlttt 


THE  MR  PUMP. 


4M 


rU  hart  fcecntntf  o  itrnt-jyihcf-:,  ar 

•-pcneu.     It  Ucvid<  force 

Door-, 
\m  m*at;9!  .  ..  be  ibuul        linn  • 

... 

.1  .- 

vi  !hr  piirnp  1o  br  dniiTilr    irl'n 
• 

ire  *  of  the  air  *  iw»  It  Ircdy  Iron 

c,  1. 
pomp*  for  ph  Vwophicil  purposes  ortrery  comr-i 
i  pre--  I  i",  one  tide  oi 

cviinden,  ui 
mm*  rod  i  connected  »ith  the  opposite  ends  oV  the  «ar' 

e  pi  ■■    i 

imp  iluubli 
l  pump  witl 
Icr  th  oi  duublc-t    1   !■:  .    pump.     'I  ic  i   ■ 

iteerei  n  proceeds,  bul 

i    urn  when  ti  m  eqiuili  rg   n.  o  >  In  the  c, 

1  nearly  iv©  ihirdi  of  the 
ccivcr,  after  wn  ly  diminishes. 


adftr  be  perrc  •  it  in* 

■ 

t.iino         *  >■ 

•nd  ftrn  of  this  create 
^^Bftttl  it  biltaccrf    -  suit,  on  tii- 

^^^■t*>.  ' 


'  ill.  ai-.cr  a  toll .  :**  beea  fccmcd.  m<y  be  ihnat  ■• 

The  created  rc»i«jLn«c  to  the - 
atmosphere,  ni 

•    i!:c:cd  th?' 

i,  hoivewr.  :arrcl  p*r 

tree  from  ll  i  have  been  tVRed  above   »ee  Kfc;  «oy 

!udn*.  the  pcMO!  ««- 

. 

ump.  beuatife 

.in  paites  the  kptnurr,  vhen  ic  ir.i 
nil  the 

thai  n  rcquros  to  be  moved  tlowly.  and  to  rccct.-c  modi  jdmm 

1 
v- the  iloiiblc-ryl   wi:  i  air-pump  rniw  miIi 

'■■'■■ 

ihr  '-•  ittnmi  ol    Hi' 

I  'he  consequent  jjre.it cr  ease  And  speed  of  working  tfMiv 
-  Of  the  \i* 

iii  my  form  of 

is  to  the  n  of  toe  uwcramcat  be  uiCT  * 

■n,  a  grau  i-l  oc  obt.i. 

*Th  ■■  •  in  ■  ■  ii.  ii  .    to  reduce  the  coK" 

far  aspov  b 
ucnp    ■  on   the  public  ;    uid  til 

tted  in  1  tin   low   i  >>"j:  «.jUnii  t  itf»M 

l  in  diameti  i.  t"i  / 

I'S  nppanr 
Thr 

ometi  i  f  ibc    -bent.    Vn  the  centre  of  the  thrni  bend,  ft<-r 
•  'ulaf  ihort  tube  rise 
\or  Gstftiott'*  experiment*-    i 

Into  iln    funnel,  a,  imacury  i»  poured,  and  as  the  lei*  I  of  ^ 

i-.ini  of  the  horn  tube  are  ft! 

id  j(  to  flot 

llic  hmi'.'li  r»,  where,  topi 

hra  •■•" 

'■ 

.i  tube  hllrtl    with   mrini 
trrflJifh  1 1 

and.  a»  the  qui*  »■'.>■  <■)  m.n  l>i  cnnl  mi   II  'O^J|J 

Bel,  '.ho  process  of   c 
'■;r<d  out 

in  the  Gtiwler  rate,  b.  now  deprived  of  air. 


Flu.  40?.      A    wiJenxinx  Pump. 

■Air-pump*  arc  a  prat  contrast  locach  <■:!'«  ■     Ibi  mins'a) 

S0dc4  for  »orl  t*  the  lirgc  scale;  the  se-.-ond  CSprtQgtftO  »">U  do  all 
:hemituy  could  dcalre. 

r  pump  i-.  i ho  cnmmon  properties  (physical)  of 

iridcrttood,  it  is  also  of  jrcat  ukidj  ■     i  other 

|.     ,  (i.     in  ... .!  .-.   i 

--ho«n 

E  jji«s  r.  i  iiclH  tightly  don 

p*r  hitd  tcrcwi, and  h>  n  rcveiscd  action  ol  tin  •  ii  l  is  pumpcO 

.  pump  is  of  crcal  use  in  supp1  fliw. 

idcd,  in  the  shape  uf  a  mouse :  this  animal  1? 

hi  holtnm,  an<|  pi  ividi  d  ■■.    h    i    [Aj 
lure  may  sum)  without  ft    r  ol 
t  ml  lca»i 

■ 
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.  hrii.frtr,  «.  .uAMttrJ  by  i  An^tf  |W«  •  lit  ik«  f  m^  * 


twoS-incfc  cj5n.' 

pre*-  polotof  as 

ch  JcjAinmg  ihllhxig.     Ii     pnc<   ol  uU>ilie«A. 

Ik-11. 

i  ,     ,  ..-  i  h    pi  ■>■  ip  c  of  thi«      nel 

aio  wiser  w*h  the  i  indilatve 

rttO  the    tii:nl»ii-r.  vvlnt  li  * .  |    ;,tu  U>    J    jiAV  d    <<A  ^ 

the  vjrfncc.  of  the  w  far  yon  v.tt 

thoii'/.i  k  should  be  carried  tir  b«  ;iper  m 

nai  v.  :  i  wu  Ia  ihc  turn!  mw 

I  the  .ur  u  COR 
exclude  the  fluid 

The  i:t>'    lliving-boflol 

Unrated    .. 

.       .  . 

irr.    Willi    it*  i  ;v  n    1 

..,:..  . 

SrncAt' 

it  k«r  two  - 
'  b>  i  ("orrin^- fxinijA      'Ihis  wax  u>c*1  %ith 

ceo  ujc4  for^^^B 


■ 


I 
diy*n,  bid  ill. 


vJ.     1  ! 


Ami. 


rto£-bett  in  the  Crtit  Hill  U  thr  I1- lvii.x'hnic  u  corapotod  <•■ 
Jrt  the  weight  of  throe  Urns; 

W,  *cc  the  divers,  is  lijrMed  by  .jpeoir-KS  in  the  crown  of 

'irmly  »eci  I  tcre-Aw!  CO  tfl>C  b«tti  >t  »  \as- 

'  >  nt  <■  «nc\  with  a  powerful  crab,  the 

Umes  ovee  it 

■    ■ 

np<l    lh.it    iIk    wciy.hl  of  thr  h'-l!    '»    ji    ft]]    iief*hft 

i»e<l  by  the  wetrbtt  acting  <opon  ihe  »pral  *hafl.    The  hell  I 

..ii   I.  wcrtul  nit-pumps,  of   S-iuh   cylinder,  <i<nvcy<.i  h> 

lOArrydcpih.   The  I-  >n  several  times  dotty; 

-  safely  aescenH  a  considerate  d'^th  into  the  tank,  winch. 

analc,  holds  nearly  ten  thousand  gallons of  water,  and  which  can,  if 

... 

.  ■  \  drnn^-bern  a  use  at  the 

k  for  i  mv  and  navel*' 

V  Ik--  dc«  •■  ■■'«*  ■•  ihsrt  ruvn 

t  - 

•i»  art  a  good  and  rtfnitt  hj 
md  from  loo 
bmr  iratex,  dryness  without  unpleasant 

Df  apparel,  non  liability  to  disanan>;i:nim  in  lh 
Uriris  fie  ship's  communication,  a  perfect  code  of 

enden*  me  mease  of  accident  to:  i 

nVe.  submarine  cnjnnecTs,  of  79  Croat  Por! 

•o*»e*  and  other 
required  in  .1  have  emint„'n;ly  pace*  d 

I 

Rowe*«  ilivin^;-«*npnr, 

r,  Martin's  similar  d  ,  ih)5 

Irm  law  narrowly  *alched  and  estimated  the  delt  <>  XcUdy 

.  in  Hyde  i'ark.in  [S51,  obtained  tho  award  of  a,  pi 
that  j>  provements  have  been  effected,  as  their  own 

known,  The  Hcinke  apparatus  !■  ^nsidered  alraittt  perfect ; 

nger  to  lilc,  or  even  Utttrcvt  of  fodingi  ll  rarefy  expe- 
diaary  health    Among  the  most  pno- 
the  improvements  is  that  of  ch*  .  ».-fr  mi  -.  [o  whi 
r.  so  contrived  that,  in  case  of    i  lk<   claws,  to* 

mil  |hu««*t«  hin 

Hrintr'-  cwasah- 

vt  wil! 
;: nrgei :  the  wogfci  of 
%  Hut  :   xolo.   The  (treat  :■ 

oratus  under  the  < 

n.vii'  ?-._  txlingv 
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render «  the  valve  at  the  back  of  the  helmet  lew  indispensable,  aaaJaag  the 

•\>,  .  .    one  fen  BUttry  purposes.  The  connecting  joint*  of  the 
are  also  of  rim  rial  sod  mai   ■•■  ■  "These  ai. 

1  the  whole,  foe  great  strength,  yet  ease  of  rcmcmU  a  r 

r  i  vny  advene  condition.   Messrs,  Hcinke  tit  til  their  axaet,  a*  as 
hose  screw,  with  double  safety-capx,  and  mulct  tl;  «nt  powcrfa1 

Measure    Their  ne»  odbandcoi  xclude*  the  waner  onanist 

md  i  nabl    it  t<«  ht  hum,  i  ...a-,,  and  « 
..th.  t  :In   Icitl;  -i  band  used  Foi mi 
be  depended  on,  while  the  in  hi nd  is  It  i  i*iecte<l  \iy  aoao 

inhene  changi  oi  ordinary  van  iiAl-dtalttt 

mo»t  simple  yet  perfect  arTangi  ic  want*  1 1  arras 

stantly  Mid  correctly  made  known  to  those  on  the  attendant  v.  .m*:a 

iitnr  will  be  saved  in  the  execution  of  the  moi  i  anots- 

takings.    Of  course,  a         i    irefci    to  maintain  hi  iumcithoT  aadtr 

Ac  wttef  or  on  the  land;   but  this  luxury  could  not  always  bo  indole*" 
urid(  r  former  arrangements.     The  old  helmet  and  spencer  »«rt 

u  t  frequent]  v  cot  in;  whereas,  with  Mearv 
ileinke's  improved  vulcao  red  band,  the  drVci  ma)  turn  a  complete  sossesi 
>itili,  and  vri  the  wata  nol  get  beneath  hi:  Flie  front 

hi  hin-i  lix-forr  rrfrrn fd  to  important   m  it* 

the  diver  to  regulate  the  escape  of  air  and  hii  speed  of  n  o  the  ■.    i 

\\  lit)  the  escape*  valve  behind  only,  the  dive*  was  decern  ,r-B 

if  that  worked  ImcIIv,  or  1 1       n    pumpS  urea  too  U 

valve  behind  let  the  air  out  too  slowly,  the  dress  might  get  puffed 

like,  i  ivc.ishock.it  the  momcflKOl  Imu 

i  h  ling  lighter  Lhan  rai  id  hi  i  entire    body  rnnrc  buoyant  t 

water,  so  rising  to  its  surface  heels  uppermost !      L  his  cannot  t 

use  of  th*  front  valve   The  diving-pump  ••ill  throw  wet  and  %• 

time  through  dJatini  t  bosea,  ih   air-chan 

By  ihis  me  ins,  the  dis  »K"l,,,rnP  c*0  be  used  for  cMinguisfcanjg  tVc  tn  shito 

i.ihrr  contused  plat  a    1  at  direi  being  supplied  with  rrv*h  ..ir,  .u:d  the  data 

neftrfj  fire-proof,  the  diva                     any  place  on  fire  without  fraj 
I  lag  lire-engine  and  dfvn 

of  the  divmg-hclmct  brcaslplAte  >»  irn  n  nod  so  that  ie  n<\ 
i  in  rt  and  n  of  the  lungs,  and  kecpntf  the  pre**-  ■  «aa»j 

The  submarine  lamp  "ill  burn  eight  hour*  under  water,  and  b  a^iiihrd  "ii 
air  from  the  same  pump  as  tupphe*  the  diver.    I  h«-  latcd  W: 

of  Mr.  C.  K.  Hcinke,  and  a  helmet  dress  and  apparatus  made  in  aM 
cordance  therewith  wnt  placed  in  Class  to,  Intcriuti><  kV.ion,  ilo* 

•■  i  ci    it  Llatmed  considerable  attention. 

Ma Many  trials  of  th*  Messrs,  Heinlee1*  apparatus  have  been  made,  and  ««• 
amincnl  success.     The  experiments  con 

of  the  admiral  kupcrintnulrnf  and  dockyard  officers,  gavr  gieat 

diver  remaining  half  an  hi  n  .■  taihwptcf 

water.    At  Chatham  Dockyard,  in  Octul«i.  i  i  nn 

before  distingui»!irtl  <<miju:iy.   !■  h.  uaaa* 

i -uvi  limit iii  command  and  supen'ision.  and  out  of  tive  kinds  of  npoarana 
«ftt  the  one  selected  as  the  beet.     Ok    h   nch 
denng  it  roaQj  perfect]   At  the  Km,  in,] 

iil.     We  abo  quote  the  following  from  '  The  Times': 
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-August  a v  i860:  'Letters  this  morning  from  Point  de  Gillc  announce  that 
th*  whole  of  of   tin-    Malabar— abool   /^9o,ooO— hafi   been    itco- 

vejed.     The  diving  apparaii;*  • I  «"  Hfinkc'l  p  >f-  .'i  ' 

o:  *Thc  whol \t  diving  apparatus  in  us   '•■  lb 

;  OmIIijiiii  i>  Ui  Ik-  fittod  with  Mr    HnnVr'*  improved  I  p  ■ 

jt>  24,  1K63:  *  The  whole  of  the  mads  and  orgo  have  been  rem 

BjHcmkcsdii  ifll  :hc  wr..:k  <>i  tlh  Colombo.     Tina  appa- 

c  cntc  of  wreck,  ia  in  the  caic  of  tire  even  more 

;bic.     Protected  by  it,  persons  can  Advance  with  pcrJcct  safety  through 

(far  1  iiailee,  and  ibi  tin  an  acccu  t"  thfl  ftcttUU  source  of  miscliief- 

u  advantage  on  bo.ud  ship  of  incakulabli  Importance*1 

:iapsfewof  us  consider  the  many  uses  to  which  divine  apparatus  may 
U  put   in  ihr  ye*J  but  it  !■  to  fimifc  like  [be  urn-  uml 

taoiweimiti  looli  fbi  the  initiative,    With  in    ] 

•  lit  future,  the  uses ol  the  present  wlH  be  pitiably  «c 

feng;  roi  udn  ibly  rrmltiplinl,  irmlrrtn     1     • .  mum  now    littx  ■  li  it  nil  rtakil) 
Ail  floating  •'  Ibo       hat  ■•  r». 

othfr^  entirely  submerged  ibe  they  constructed  by  m  in  m   God.  formed  d 
m.iy  i»-  repaired,  ni  11  away,  bmit.  or  in  an)  way 

operated  on  by  the  u*  of  diving  apparatus.     Of  whal  use  it  may  be  mac 

wc  know  not:  but  in  the  interests  of  peace  its  conquests  may  be  D)  as) 

and  important-    F:  tor  end  of  the  twelfth  icnimy  to  the  present,  the 

min.l  1  -t   . .inir  portion  of  (hi  engineering  world  has  ever  been  intent 

provemcfitt  in  divinfl  ipporutus  for  the  n  uro- 

■fOttioP  <if  »ulmmriiir   biboui.     Tin-    necrviitm  of  ocean,   hut   tv|x-i  i.illy  her 

treat  her,  .    -tin   *.i  m  n  _■  ■■■  >*.  ■     and currents-  hurrying  to  dc 

:  ■...- Urtd.  01  -.:  ui  ,  the  richest   "posies  of  wealth, — 

lurrr  I"!  ;i  ru'i  ■'•  10  unci  i.il  effort  in  this  behalf.    To  KagCI  ll.it  mi  bai 

ed  the  origin  of  the  djving-bc-l) .  and  from  hi-*  day  the  pith  of 
rovrrnent  can  be  variously  traced.     Lne  Kmperoi  Chail     i  ported 

die  trials  made  with  whal  Schott,  in  1564,  called  'an 
aquatic  settle'     In  1588,  a  sunken  vessel     one  of  the  celebrated  Spanish 
Armada— «'  rurvcyed  by  this  means;  and  thrnccfarward  Dcbrcll.  Bishop 
rorclii,  I'htpps,  Tricwald,  Srncaton,  and  Ehs  Messrs.  Brnitrm-aitc 
eacperimeittcU  In  tin.  department  of  useful  science,  meeting  orhh  obsticles 
~  pv* :  h  n  ;  01  -   -    ring  for  the  apparatus  fresh  meafij  of  u-.-M- 

thcti  fitting  it  to  the  occasion.    Dv  the  fad  of  tb    i'ud  1  ntu      im- 

bad  mads  •  decidcdli  useful  and  paying  progrei 

•  amount*  of  property  had  befbrcthat  lime  bcru  re»cueu  fiomsunlttn 
in  diving  apparatus  had  been  already  honoured  b)   mi 
The  time  had  lh<  n  foi  Mich  thoraagn  opeottioDi  as  to 

tl  ?  floor  of  the  sea.  to  Inborn  then  as  on  land, 
thought,  energy,  and  «kil!.  and  an  amount  of  accuracy  all  the  more  per- 
is th<-  tun  rork  cnmmstti-ri  m  hi*  charge  would  he  more  calamitous 
is  failure  than  the  destruction  ot  any  mere  land  structure.     Hitherto  the 
had  but  been  into  the  Interior  of  submerged  vessels,  10  search  for 
■  inio  caves,  no  Ereal  wri.'ht  of  water,  na\vinj{  tbui  to  be  borne. 
newaid  [before  alluded  to)  is  said  to  have  been  the  first  experimenter  in  the 
led  sphere  of  operations,  an-!  uroduccd  convex  lenses  inste"!    I 
gjUas.     Now  followed  air-condcnuatiun,  ^»d  the  nevvawry  appaiv-tuv 
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brtpreved  and  r*-*mproTcd;  aad  gro-Jt  enRincsring  wnrts  were  i 
vocd, and  rev-  ■  ^<^netiMttAO 

■ 
icrokason/y  h<-  new 

Oilier  jrcxi  wockt  f  u 

tO   l»»   impoo:  ■  ■ 

he-  to  (-;ht d.  i  prune — dMt  may  aj^^H 

pli«br«l  bj  the  dm  n|uippet!.       I 

lc  nance  l*  not  x> great  ai  Co  nccminly  prcciack  the  ox  r ' 
in  small  work*,  wbtre  thorough  erB>it&;y  and  ecoaom?  c< 

:npc  l3.it  the  csSotti  of  the  alette*.  Kd  una*** 

-sSiaaarisw  Ubc^r  bi 
laborious,  or  expeaur.  thin  ordinary-  avocation*  co  land." 

The  txmim  ate  vjaofcincnicd  with  the  fotlo" 

:>*!  Jvzy  u£  lh. 
.  l>irviH  AfV  ■ 

-Claas  XIII.  <M 

tnmr  divin*-dn 

the  art  of  diving,  the  ■  intus  din  li  *.«.  | 

fc*roL  and  I  lie.  un  the  curvtrary .  its  latest  kmprc*rmfifc 

c«*aw*terce©e4*drT 
on  which,  by  mr-im  of  kwj,  is  fastened  a  metal  helmet,  i 
air-pipc  which  receives  it  .en  a  pun 

ui  j.  vcMpNi  or  ••:-.  «  ih* 

*:icd  o»»  »Hore.    Covered  witk 
depth  that  may  be  doiicd.    In  th«c  iDpiram  Alt    • 

ire  of  the  water,  the  renewal 

r  *ith  the  means  oi 

;:  i)«fO  Of  %£SLlIa. 

"M\l.  I.   w  have  C;<i  ofpeo*»H 

dress  and  the  tody  of  the  daYcr.  for  the  cnu« 

cfctni  •  Insure  a  ptopct  i*  re«Hu 

and  K>  Ice  |i  Shi   !)  ■<!■ 

leagreuc: 

"  Indeed,  ^i-   i.  1 1 

.         ■     ;  ...  .  ..... 

witk  -i  slide,  which  -pen-  U.  »  I  - 

-  becomes  inflated  b 
i  -:r  \:  thus  rendered  .    ousaeqeesi 

once  and  without  w. 

■imild  the  signal  have  failed  or  haw  not  btca  ceoc  i 

wans* 
•  *«  Wa| 

Reynaud      Mi    II.  ''-*nt^^^ 

slowly  *» 
tmous  weight*  placed  upon  their  i^ul 


f  compdfcd  to  remap  at  the  bottom  till  dr*wn  nb]  the  cor.i  AiMchcd 

rite, 

•ppftj  ,  l^te.   Tin.'  the* 

Cnot  protected,  *«  in 
lOStCSt    u!    • 

purpose  bctw-  ■ 

.  .  . 

ilh*t 

f  permit  lo  work,  we  n>.> 

:C  nt  «<)C|>tll    . 

•if  wiffncanon. 

i   lenses  of 
'■  I    but  iln  thsi, 

hi.  .il:,  ill      H  iUCI    I    '     V  Uld    »UlTu 

■ 

diver  imi  tt  the 

nubci  -"it  th<  •'!,  Ii  the  brol 

.ind  thus     ■  ci   a\  thi   • 

ervuviYcnili  rksbk 

wducvd  b*  -■  in  submerged  villi 

odimcDt.  ax*a  ( 

•  ••••• 

bavi  i 

imc  *s  that  of  Mr.  I' .  1 1  unt- ,  tnjt  uuli.:n;  :  mcnl 

■ 

bun.     Howvrtf  thi« 

*  m<  .lpparjtui  *c< I 

They  wU.  dnubOrtv  be  Mill  (i 
!M 

JttM  twv  purpose*  lc  ■ 

la*»  modal*  fore  nude 

apparatus  was  considered  the  taosf,  perfect  of  the  kind 
(fcced  ap  to  the  present  time. 
>l»l  iBrconwient  which  he  ! 
ana  under  »Her  wiim  an  accidcM  occur*, 

have  allowed  the  voter  lo  peii  • 
.1'   4«. 

'+tutrmttKKi  i  .  I  n  the  apparatus  rd 

flaocd  on  ibe  chest,  and  the  dwer  can  ttiri»  it  w*h  his  lund  at 
any  portion  a/  feu  dress  is  tora  wh\'<  at  work:  the  csrrx*i  oi  sir 
Arreted  towsrit  the  cpemnc.  snd  tie  Alva  t%  enabled  10  sscrad 
■L  II..  pp.  197,  198. 
rnAsc  to  the  exhsflnlag  air -pomp,  s  number  oc"  eiperiroenu,  Ulsstiiiinx 
t*n  erf  th.-  axnwtpbcrc.  may  be  desoomuaacd. 


■vi  B 


PXEl'MAT/CS. 


1  -XPERIMENTS   WITH    THE   AIR-PI 

Two  brass  hemispheres,  nicely  fitting  together,  with  rround  edxes  trzuai, 
. .  lv    eporaied;  bin  directly  the*  >1  und  %cr**x4t*\U 

<unp.  which  in  then  U/t   in  motioa,  El  will   U    fi 
r  from  the  Inside  a  prnwrt  is  brouKht  to  bear  upon  the  outside . 
after  gxhanttion,  the   brass   sphere,  usually  called  "\  Icbunj  lic*»- 

MJhcies,*  arc  unrenewed  from  the  *iV|nimp  phtle,  ami  hand! 
Of  [bund  Ihal  '*o  men,  pulling  onf  .\j  linst  - 

beminpben  l,  which  trc  pressed  togetha  with  »  force  of  i  »&,*}«» 

sing  inc  bemisphcrea  art  of  a  diameter  of  four  inch         When  a  membra 

d  over  one  of  the  mouths  of  a  cylindrical  floss  open  at  etc* 
and  the  other  11  greased  and  placed  on  the  tir-puAp  plate,  the  tin* 
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Fia  410. 


of  the  pumu  the  membrane,  which  ihoold  he  dry,  to  Uir  ft  am 

(,1111    and  if  |hc  .111 -p. imp  15  now   rapidly  worked, 

outer  column  of  air,  ol  a  diameter  equal  to  that  of  the  membra*:. 

to  bear  upon  it,  which  ultimately  break'*  in  the  bladder  with  x  k»id  noise. 

the  air  ■  vi.  r(  |  1  pressure  of  15  lb.  upon  every  square  inch,  the  baneiaj  it 

the  membrane  is  not  very  surprising^ 

prove  that  an  exhausted  receiver  is  held  down  1".  ■he  pressure:!  & 
air,  tjfcmni   r>}M.n  at  the  top.  and  ground  quit  '   Fie,  410,  aed  covertd 

with  a  bra  plate,  which  has  a  brass  rod  passing  th  -orfaaj 

collar  of  leather,  to  a*  tu  be  air-tiuht.    To  ml  ■!  a  utull 

within  the  lxr|nsi  on<  way  from  the  bottom.    PI.**  * 

cm  the  .ii'pniii|t.  nul  rth  m-i  it:  it  will  now  be  fixed  fast  down;  *  - 

:  m. r,  be  pulled  up  or  down  with  perfect  roc,**  it  i*  itself  e»h* 
*nd  xll  the  sii  which  surrounded  it  removed,  con  it  r*r.aot  b 

posed  to  any  pressure.     Let  then  the  small  one  down  upon  the  plate.  t*ti  * 

tin-  bole  by  which  the  mr  is  catracicd,  and  rc-admit  ibe  1*  lot*  1 


il    bi  Fou  id  ii' ■•'  ttw 

risjj  it  •  Ihctii  »li  ■  Ii 

ihr  O' 

iufl  om  *ill  h  .-.tin   experiment  Ii 

the  ftbOVe  CttCfill  '-\|),:i.. 

accounted  for  upor  »  ire  of  ifn  I 

mtwffl  idea  of  suction  can  have  nothing  to  do  in  the  case  of  the  itnAll 
fixed  dov  i 

■ 

,.i,  ii,,         .<(  And  procure 

I    in     Mjii.trr    «»  ighfl    m 

IU.  ccttMtMC'i  »*itl    i  weight  • 

rlh. 

i  .  :     . 

fig  at  V  iiccniio  1/auici  and  GuUiadi  LonmoAmmftnalidi  J'ev.i  :.n 

red  lbc  gnrnuting  poi  weight  ol  |*icd 

i'i  ih*i  of  ■  Ait« 

than  33  ft.  fay  what  was  then  ed  thai  . 

ic  Un:  'id   icxlly 

OOlhJDj;;  I    tin     riftf    "f 

in  »fii< 

:■;,.  1  v>n» 

.      .!  icil 

«D   Mid    philo»;ihc 

All  the  book'..  .//>*/*/ of  G^ 

ti  iiic  I  ntcr* 
*ks,  lit 

e*ric  »u«    this 

cr- 
rat  f<  nf<  hwvii.i   than 

U>  t-  <t    balance  to   the 

I  the  Imr 

lie   upon  which  the  baromcta    \ 

JiBcd  .i  gjlua  v 

a  length,   with 
then,  placing  -  m  the 

Mkd  *ith  mercury. 
;hc 
^rtd 
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PNEUMATICS. 


vacuum"     The  y>  m.  of  mcrcurr  were  sustained!  by  the  pressure  of  the  aw, 
fend  i!  mu  soon  discovered  that  the  fluid  metal  did  not  remain  jtAiio;; 
varied  daily,  and  the  variations  appeared  to  precede  change*  is  the  wcatfer, 
and  thus  eraduaily  it  came  to  be  called  the  weather-glass.    (Far  4»  '■.' 


THE  BAROMETER. 

Two  Greek  woiks— fl^ot,  a  weight,  and  prrpov,  a  measure— arc  caknt 
lo  pre  the  title  to  this  most  valuable  ,  which  j  lro>«- 

strate*  the  variability  of  the  pressure  ♦*£* 
air.  Mereuryis  about  thirteen  tin>«  heavier 
than  water ;  consequently  a  cohirra  of  an- 
l  in,  suuare  and  about  JO  in,  a  bctfU 
ujiiiciUtUm  r  a  column  of  water  ujft. 
high  *»d  i  rMibf  base,  or  bod 

■•ill  hold  in  cqi  . .  lumn  of  air  of  m 

natural  height  from  the  earth,  or  tlut  ViJ 

c  which   is  suppovril   bo  be  ii 
within  a  distance  of  45  n  rarftN 

surface-  r>.,  starting  from  the  Irvrt  of  fin 
sea. 

The  specific  gravity  of  air  n  tsl 
•*  one.  j  ibe  "land 

••hich  the  density  of  all  caseouo  bu&esi 
A:r  u  jo  Ifcir.  aad  jT  Fak.tt 
yr-c/i  lighter  tlian  water,  and  lOyy. 

'.ban  mer- 
A  barometer,  for  rough  purposes,  is  too 

i!  (bo, 
called  rurnmrtrrMni»cJsL«rTiteticaJlyM«ilB 

CO  pxtrri« 
hllrrl  within  one  inch  -ZtV 
open  cm!;  tl  b  Is  now  M  : 

over  the  latter. 

small  space  already   alluded    i 
passed  up  and  down  thr 
collect  al  the  smaller  bubble*  of  air  *bd 
adhere  to  tlu-  inside  of  the  *U%9  fa*, 
tube,  filled  with  mercury,  is  kft  startler  4- 
apped  luy  tLii},  tot 
nrtk\  in  order  to  assist  the  escape  of  aw 
ImfcFV  Ii  [s  t>..-r.  i  :  ibaas 

c/cleni  ry,  and.  supco*inrj  lb- 

be  56  in.  in  length,  the  a* 
.  arsd   the  *prtr<-  Vv 
US  in.  a  called,  a»  already  fttaord*  t> 
ccllian  vacuum. 
The  barumvtrr  thus  mo. 


«f  an  ait- pump  (Fig.  41  j\  imlicixi--,  livihc  falling  of  Ou 
in>  pump 

ami.  k  before  su-cd,  there  is  always  a  fractional  portion  left  behind. 

mav  be      A  pUIBp    ll:.il    Kill    MM     I 

Id  « ■!  1 ■■■it  flood  trnf. 

none  refined  in  1  required  f« Icoroloffk  »l 

s  uc  iMdlc  in  ike  amc  manner,  •■  IditionnJ 

in,:  il»»'  \   ■  n  thr  tube 

ibiesofair.    (t  1  och  renders  them 

■ny  tube*  arc  aomctimea  broken  1 

•irumctcr-mAkm 
on. 

jj  represents  a  rcrtned  instrument,  maite  by  Xefretti 
■ 

ndard  liiromvu-  g  from 

lulitturcicoiwijuii  level-  with 

'  Ik  lilt-.',    it:  (1  The  I  -tnim  Ict-IiiIk',  wlin  li   [| 

netcr,  i*  enclosed  and  protected  by  a  tube 
■  ndng  throughout  it*  whole  length ;  'he  upper 

of    !  '< 

if  the  (mnt  opening  n  (he 

rlCil  St  ill    "I    :  ',.),.. 

4  a  vei 

1  ilc  •<)'  French  inilli 
,1  remit  r  to    V  '  *"*"  nrsenw  or  <is- 

ke  fcarometei  h  of  glass,  closed  at  bottom  by  means 

•  a  thumb-screw  y 

ni    »(  braw-work,  by 
\  delicate  ihermome*         ul 
1 

f*r fixing  tkt  tfammftrr  —Having  deter 
e  p»itivn  :n  ninth  to  place  the  instrument  tot  the 
.rrtiCJil  m  potsiblc;  and  «crr- 
thc  b1  and  fnrc  from 

jnum  r  the  sere*- at  the  bottom  of  d 

tin  mi  reurv  in  the  tube 

mse  incnof  then 

.... 

If  Ok-  I  '"I  tt  all, 

•  '  mutt  r«-  ■ 
lytri  w/A- <-*/,',   t,tft$i«£ii 

..,  ,. 
■I    1  on  the ;.  4  cij- 

iM|  (kmwfti  t       rroj  al  bottom  oi  i!.<  n-ilionttf 
ml  all  od  its  vertical 

. 
■ 


FrO. 


r  trir  ^  awned 


K.4KOWTER. 


■ 


I 


■  -  '  ■ 

f  Dai  !*"• ■  ibli  >na  I  ij   "  in  fcct, 

i    ruj  been  that  reduced  to  rule  ol 

i    1  i  -..]  tft  .  .1  o  it  Kcwnndc 
where  tb<  d  fell  nf  i:i. 

icd  night  .inddiiy. 
Ibcrmi  Also rc^istacd  in onmiliU  manner;  hi 

id. 
papers  *>n  .ind  tod  of  the  barometer  are  repwered  *rc 

"fcur<  ofthethi 

■    int.  direct  km  u 
■ 

V    ("r.    Pcrrj     - 1  r  -  - 1  willl    lli'  fll  ■■  of    ll;t 

-ihcr  [1 

Awe.  mi  i.       i 

Fig.  4 

■  x 

: 

KlMKri  n  covering,  titunj  closely,  to  keep  any 

li^ht  from 
■ 
.*  <oca»irjj-tti  .  when  once  fired. 


an  ivojy  .,  placing 

i  :*dinjf  of  ihc  scale  at  the  Iffic 
!  ihc  barometer.    ITS 
f  t*>»  barrel. 

pastes  o.-cr  ihc  (Op  0/ 

The  graduation  ol  1  *coie 

1  .1  [hi 
■ 

l  observation  u  ohwiys  corrected 
and  temperature,  co  md  for 


<!inxt»ns  for  taking  an  ooserva- 
ihc  barometer  arc  given  in  Dic- 

"  iched  thcrmornrcr, 

■ 


hi 
the  ridueial  point. 

■  ! 

to  exact  tanx 
beift^hc 

ihc  correct 

di.it:    aftcn     rdi,JU 

\.  ■  .. 


id  thermomcirr 

<A    |v,iti! 

meter  of  tube  . 

■m  capillarity)  . 


L 


,  1 


■4  :n. 

■    ■ 
4-vjo7 
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krefofJeoJ  purpose,  the  observation  of  the  rise  and  fall  of  the 
t&Vn  with  that  of  the  ban  of  considerable  bnpatt  ■■- 

"  of  the  anemometer,  or  wind-gnu  nt.  affbrdii  .ram* 

i     i  ig  anemometer  *ith  the  rain- 

^?*fc*-nt  oka  n  itoria  t«  gfva 

appnM'  an*,  fftpccJaD)  if  - uc  central  national  nb«rvat<wy 

he  wtathcr  from  all  parts  of  the 

England  and  on  the  Co  ill,  no  doul 

■  :>  lh.it  v, 
v  do  impen  aousobwr- 

: :  to  induce  meteor 
ic  world  to  remember  that   'unit]  rcn   th;"nnd,  by< 

t,    thermograms,    .in>.-m<nrrim«,  nn»I    rain  gnu  ■«■  I  t  can 

J  other  in  forming  correct  calculations  of  ihc  Etncrai  weaiher  to  be 
UtiriiH.  ui  pons  of  ili.  n  also 

.    .  .  .-  h  of  tn. 
ii  ml   ihis  lirlj.  in  |.i.  htccEs  which  strew  ihe 

i  in  itncj  along  whk  ii  the-  i-..  \.  ■  i)     immen 

nod  wheel  barometer  (Fig.  ill,  page  441)  is  atill  .1  great 
"those  that  tun  ma;  is  ■  11  Hi 

>t  old  suvcr  foe*     Thv  .  !  . 
iuI  new  somewhat  ineorreclly,  because  it  works  by  the 
counterbalanced  weight  Hoauns:  In  the  mcrci 

I  1  I  I  ;.  ,  1  I    1  - 



:  l  1  ■      '■  r.j'iM 

.inct  thr  n™  bonneta  getting  min 

and,  not  coring  a  bit 

1  tkifometct  sAyxrtjusi  opening  a  "nice  dn 

r  int<>  *  Ready  '  downpour.      It  1%  better  to  gri ..  twD-gvtnta 

r,  an         Ii  ulote  the  chances  of  weather  ;n  the  regular  W%ft 

y  what  has  gone  before :  2nd,  temperature ;  3rd,  state  of  nrtnd ;  4X0, 

or  umie.-u 

inobrd  Barometer  is  constructed  on  the  same  principles  as 

m   n  male  •  and  finish  ia  ensure  g 

.ilulit}  at,.:  The 

-.both  in  m  read- 

n  inch.     Ii  lu  •  «l»u  »  -t  .ii<-  1 1 1 1 1 i * . '  1 !  1 1  v.  tttc  |»te**urc 

ibrre     1  ■  1  1   -from  1,000  ft  Ia-Ioa-  to  ?.:■»  ft. 

ice  ol  the  It  <lc.  win  ad  m  an)  po  litisa 

ML 

surface  or  lid  of  which  is  firmly  held  " 
'hands  by  mean*  of  a  leva  and  chain,  thus,  as  ii  ■ 
ill  m  vanurv  of  tho  air  by  tfivHi  <-xt<nded 

■ 

1   ' 


ryEUMATfCS. 
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IT*  air  orinf  nrotfd  to  be  mu&  ter,  *1  wra*  not  Jong 

ltd  he  ought  to  be  able  to  swim  in  air  as  «vl: 
plainer  terms,  to  iy. 

box. 

of.*  vnxidfN  (t«r  for  Pmiphic 
modern  imlkman.  thr  <ow  with 

nlfiil  m>mtlf  t. -Iir  M:iinlxurfmo<   ;: 

I  benevolcncr  he  ». 

... 

il   All   ih. 
.d    sr*tv   'or  h mv.li   nnd    son.  and    fattened    tbcm  ro  % 
i!>:  cluneal  ^  relate  that  ilsy  jtev  »*W 

ne  in  Italy.     This  **©v<r  tr»c 
ma  of  many  clever  met?,  -ho. trying  to 

met  Mtli  Uk-  tl.nnrxi  of 
flu  il  mU<  ■ 

e  InrentOT,  Sl  \farttr*  endeawwre 
. 


truth* 


,  i*c  •* 


L,  the  fore*  of  tic  wind  **ouId  be  nrtolvcd  by  the  scrtwt,  a*  by 

;  cd  the  kit*,  tnta  WW  of  which,  overcoming  the  force 

Id  keep  .t  il  uioftirv  in  mid-air. 

Ncrrw*  »n 
t  to  h*»vy,  and  requ 
it  «ou  :  ii,  md  decllfic  w  ft*  a 

cb  1 t  '    uir 

woo  »  iUtlf  in  irn 

dch  xnd  dn*irt£S  of  totje  sure  cm  m  mtotibWrW) 

ill  ili.it  can  be  **id  uNmt   tium  -    rh,  :i>ink' 


ti—Om*  *f  tkf  F/}  .</  Ms  A.  9 

am. 

■ 
■ 

<i3  first  invented  i  .  is,  a  nwlhcmaticun  of  Alexandria. 

■  be: 

<  d.     Thmar* 
id*» ra, tbf  sucking  pum  ;•  imp,  and  liltinc  pump*    (S«« 

i) 

Dd  tin 

cortmifi  :.  (i, 

i  (hi   m  tl.<  inr   dnep 
r  «t  lrm«r  u  hi^h  »  t,    Tbc 

re  j    i  Che  h*i  d  1  lite  pipe  or 


tfe 


barrel  ai  h;>.  «UI  each  be  close  by  it*o»o  weight  upon 

and  box  u 

covered  undent  ■'  rln*»g  tae  aofc*  i 

d   4lffTT».lf<!y 

pj»>v<l  ai  li  before  the  working  bej>tt 
handle  K,  and  thereby  draw  up  the  bracket  fn-i 
fnr  th; 
its  ipring  t  ..!  ilr  n  In  force  N  not  oqtfn 

rsurc  of  ' 
first  stroke  the  outward  air  will  press  up  the  water  throegh  the  T»:«arJ 

foot  A  in!  I 

bct«T<n  €  and  C  to  ike  tao 
kpiii)-  equal  Co  tli  he  nutwa* 

wat*f  will  !!»-■ 

■  ,  will  Ul'    ■ 

i.  and  the  surface  of  Ik. 

n,and  n»  llu  atj  La  the  p*rt  I 
it  win,  a*  the  bucket  descend  thrw 

the  upper  port  of  the  barrels  :iuL  upc*  raising  the  Un 

c  a  second  Time,  the  i.itbelo* 

again  left  at  liberty  rger  space;  and  BftiiiH1 

coed,  thi-  ;  the  outward  air  on  e2m 

. 

enrxtiM  lirijjl;!  C,  IOC  '"■' 

before.     At  the  no*  stroke  of  the  but  I 
the  bo*  II  tow  ml-    n.  and    ihen  I  . 

bucket  the  bocfa>| 

a^ain,  the  water  cannot  be  pushed  bacU  through  uv 
close  upon  the  bok  whilst  the  Piston  67  cent  i;  and  upon  ran  inc.  tkenH**1 
0£SOl  '*rd  pressure  of  tnc  air  wi] 

it  will  raise  tin  ettoc    I'pon  ti  •  >n»*fj 

of  the  bttckci  -:.i[  wiil  go  do*- :  he  barrel  »,  ar. 

cannot  nov  n  tflfWjAl  it  will  rai- 

n  the  bucket  d  id  u-il!  be  lifted  up  by  tht 

raised;  and  now,  the  who        pace   beluw  tit  l    bevaw  fi.'Vii.  •' 

above  tt  eannni   nink  when  ii  is  nm  jasj* 

:  the  bucket  go  <tn»n,  and  »hen  k  racnv 
weight  and  slop  ihe  hole  in  tin  *U*  h 

»  ;  and  thus.  b\  nd  depressing  i 

•till  more  w  El  i»f  above  the  f^p 

tOp   I.   Will     IU|J! 

•m  be  bucket  is  raised  the  va ; 

every  umc  the  tnn 

■  ii 

■     I 

• 
the  pressure  o! 
crealer  Ih.ta  the  *e-gh 


4* 


c       * 


v-*J-  —  "j-- 


Hot  Above  the  bucfe 
i  by  >:  :  fnough,  und  a  wffi  :li  ni 

h  be  employed  to  n»i*c  it  with  the  ■  net  .ibuvc 

ttrokc.   Th    to  :  to  a   rl 

■mil  b  i    :  i : ;  i  r  to  u   in  h  tl:  •  W&tCI  i  >  :  T     :i  ..  iqiiiirr  n| 

the  pump  tore  in  th.it  part  where  the  piston  <*orks,  *o  that 

■  .    i:  wide  iii  ill 

wfl|  r.ii  .•  (our  timet  Aft  much  water  as  the  narrower, 

-r^fcrc  require  four  |  n  ;th  to  work  it. 

kr  Fw  ktcr  through  the  box  M  f 3,  PI  '  fin  the 

■  :np  doe*  when  the  plum-  n  lifted 

y  tbe  r-  tbf  water  in 

■nil  the  valve  *  (wl:  ''>'  ,1|(" 

M  when  : 'ii  r^nnrrwa*  drawn  up 
and  stops  th*  hole  In  H  ihi  I  it  which  the  plunjv  i 

.  u  the  w.ii.-r  between  Ih 

-.rent  nor  htrlc  ngnm  mt.i  itu   I 

.  rat  there  being  a  free  ptsujc  by  the  cavity  around  ll 
pipe  si  it,  which  opens  into  the  jur-vr.vtcl  K.  K  At  :\ 

■ 
'..tiring  through  the  pipe  .it  P,Tt  open*  the  vM\ 

i  use  the  action  of  tbc 
'iw  71  forced 

i   ■  ..... 

(  tbe  pin  «:  ii  i  '.be 

i    ; 


no  way  In  get  mil  of  the  vrw  i  h  nt  thr 

lOt  gel  out  whe  red  with  ■ 

*.cr  rues  upon  the  p»F<:  the  air  then  begini  * 
ftprinf  again  :  th<  surface  of  the  wnU;  *  drnesd 

water  up  : 
height,  and  is  supplied  by  alternately  rauinc  anV. 

-antlv  forces  ihe  water  thai  It  ruses  throo/h  the  valve  ii.  alsoc  n% 

Sipe  M  M,  into  Um  tlKK.    The  higher  the  nxrfcu: 

t  tfieair-i  -wi«t 

ul  its  ftprintf  will  l»-  -ijwil 

uj'h  llir  jmik-  Jt  r  ;   unci  .U  the  *r»in£  nf  the  AJ 

plunger/  fcraM 

long  a*  the  action  of  the  plunger  <  :nd  when  the  ralvr  *op-. 

'  .1.      pill  i.CfW 

h  is  forced  into  the  oir- vessel  fi  nj  back  b  MM  iotofcc 

barrel  of  the  pump. 

The  LtmjtO-PusiT  differs  frnm  the  ^ekin^-pump  only  in  la*di(pcniiw 
•n.i  Ul  .ind  or"  psssnp  11  &** 

.j.v     a  is  a  b.M.  i  i..        i      frame.]  .  imawmUi. 

■:•■■■  »al    I       fi 

1  ai»  vlmn^   iron    rod*   m 

md  t.  \t 
t.  D,  with  ii>  bui  ktl  and  vain  upon  a  the  l« 

the  barrel  i|  nurd  i 

socket,  but  in  cither  case  water  and  an  I  *■■•! 

vnhre  opening  upwards.    It  is  evident  thi :.  *hcn  th. 
dow  b  piston  D  descends,  nnd  tbe  water  bdow  vff  f*j6 ' 

through  tIlc  wfaz  V  and  get  above  the  pi><<  bat  wbrn  the  fr< 

up  the  piston  will  fbi  ighlhevari  :  .e  cistern  t,  lb* 

to  run  otT  by  -in-  «i«im. 
The  PfX'WmR  FORCI 

ipoi  past  i  '  ipeniive    i 

parts  ol    the  world  when  ttmn  grrai  eWpt 

This  pump  is  wholly  unarTe-:t< 
force  ol  the  steam  engine  which  is  expended     i  m»1ss> 

solid  plunger,  p.  od*aw» 

through  a  collar  <rf  leather,  so  thot  it  *orks  ail  ptstoaWal 

draultc  p- 
A*  i.i 

;  trass 
a  jjrcit  weight  and  roi 

rid  67  thdi  great  prsMscr 
»  pumrrd  In  x  .  ,    ,-ht. 

DOB  th-  \\i 

when:  >  bare  a  an 

pump*  call  by  pasta*  the  water  from  or-  •  ■  latsw 

it  gradually  raised  to  the  top  of  the  mine  sh 

Toe  records  of  the  pumping  work  done  by  the  tamoa*  Com .0 
tct>  remarkxble,  and  have  already  been  ipokQD  c  ■ 1** 

AU  ion  of  the  pressure  u»rw» 


THE  SYPti 


♦6j 


sailed  the  Syphon.  Thit  eon*ise*ofa.beM  pipe,  who* ■  ^tbe 

tans  ut  railed,  may  be  of  equal  or  unequal  kng-.hs.     It  The  former, 
rcfceew»hen  filled  »ith  water  and  placed  in  a  vessel  coMainm£  tl*.- 

ud  in  order  10  get  a  difference  in  the  L-n^ihof  the  column  of  water; 


-*aa.— /•*<•  ^jpkmi. 


1  l<     l   ; 

i;  be  not  done,  the  *yj*inn  whow  Icy*  *re  pcrual  inline 

longer  ifc  1  tuchiog  a 

phoi   may  bcym]  =-  ll ^  lower 
♦iid  t*  rcmnred. 

(oaakeasyphoi  •  necessar  :  quite  ful. 

e  pm    nto  the  rct*el  10  be 
«Kd.     ImcEcdiatcly  upon  ■ithdrawinj  the  finger  from  the  lonxcr  lev,  *** 


ihe  short  end  of  the  syphon  be  pv 

tibangbtnt 

tuybcemp  ..cVihf*. 

the  syphon.     I  his  experiment  shows  that  the  te.rm**p;  i  las  ncdKaj 

it  of  the  air  is  *dt» 

■ 

when  the  ckhauster  is  Applied,  and  drv. 

A  iyphfl  ilun  33  I 

1*  Kit ^  i.  ■ .:    I>\  iM.  nifnin,  k 

] utter  v  ii  ii  mv  thi   u^S  a  syphon,  j"  he  utmost  height  does  &:*  ew*ri 

:  the  barcn  :*©d. 

The   intmnitt  nr  or  rrc  <j  r  n^»  are  g»» 

phons  wntch  only  flownhen  th  <>iMn 

USCS  from  .  the  cjjih  or  rock  in  vLthta 

Air.  in  common  with  many  ether  cases,  U  one  of  the  most  c 
ii.  nature.    Dr.  h  h  may  be  stated,  without  sen-. 

II    th*    l.III!      %         I  Tl! 

'!«'    pressure  '•  ***.li 

!i*lvc    tin-    V'll 

hut  the  elasticity  \%  inemued  direct!  >{(U 

i  hese  fad" 
ment,de«      d    iy  Bi  yU-,  *nd  more  ac<ur.: 
Mamoiu-.    (Fig.  4i$J 


ibe  of  thiol  that  called  barcoeter-tabe  is  tie  be* 

uniform  bore,  one  limb  or  leg  of  which  Is  abo^t  i;  in.  long,  mm)  firm***1 
with  a  ston-cock,  the  othar  limb    wins  4  (\. 
Pom  lie  Ixnd  of  the  tub- 

Tin,  aii  in  the  abort  lea  h  a  n  ol  die  nine  -"J*1* 

j-'l  ;  .ttul  tin-  uil  ft.1    .'.  :ii«.t:mh-i 

chic   to   thr  wi 

C< naincJ  by  observing  th< 
iromctei  u  th    i  «  and  kr 

tin*  Inn!  tuhr;   riir  mr  in  the  shorter   lira 

the  mercury  in  the  longer  hmb  stands  above  the  lc>d  of  t!ut  m  the  in" 
one.  at  a  bcichi 

tube  ntsrif 
equal  to  on  b  U  of  ih.it  which  k  did  a;  the  beginning  of  the  eiperiaafc 
abjed  to  ..  ■    iiiik. 

'  in  ii.  -.  iin    till    th< 

'•' 
harndf  will  b    iiicreaucd  tkron 

rmw  t>  •  ,.  iJt  ^L_ 

nrcd   hv  (I-  ir.iti 

1  he  Uw  called   Stamottc'i  is  a  limited  law,  and  doer 
CStt 

the  permanent  ewes,  ovytcn,  hydrogen  *■> 
v  liqueicd  b\- enormous  | 
for  many  atmosfnere* ;  but.  Kith  fates  cosily  liquencd.  thrv 


THE   AIR  PCM P 
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bmovhea  ftey  Mproact  the  point 
i  he  folimrini;  nrr  vzmc  of 
izKm*  faxn  Mamxic*  law  n  four  imporum  ]M*cs  uadcr 


■ 


so 


!  O000DO 


v 


I*  ■  ■  •  •  ■. 

9W 


■  ■ 


>•      ........ 


1-DOOOOO 

■ 


1-000000 

■o-oitofo 


..»es  the  cli-i  •  It)  does  not  quite  keep 

i  there  «crc  more  prob 
i-rd  both  ihc^  thnn  h)-drojrcn. 

ngoclottc  laddt 

■ 

iir  li.i-  '*••  lie  iif, 

hdder  sinks  again  to  'ilk. 

cole 

i     '  .  .: 

q  ■  •!.-  ■    .  ontmurri 

.    .  ■  .  ... 

Mk  the  coloured  water  when  the  Air  is  prrmiucd  to  tberadfCf 


niiriiin". 


•"MlUlfi 


-7.      v-  •*?'*< 

■    . 


u  e*n  """>— 


driv-n    'i    | 


m 


PXEC'MAT/CS. 


Tbc  battle  x%  usually  srude  very  tlua  and  wiute;  it  ha*  a  cap  cranrnted  up»« 

■  *iW*cl  »*,  which  arts  a\  a  valvr,  and  npn*  outwards 
Wln-n  the  bottle  anth  in  snre  cafe  is  placed  under  a  proper  ica.fi.  u* 
a  WKlliim  produced,  the  Air  by  its  rUuioSy  cscipca  hoes  tlv 

led  sdk  valrr  open*  outwards  ;  nn  prrrmttio*  the  air  to  riowr  into  the  n> 

:  he  valve  closes,  assd  a*  the  pressure  is  now  15  lb.  00  every  square  tact 

.  itk  t*  u.u.Llly  crushed  «kh  the  superincumbent  ercs- 

Ol  the  nperiment  may  be  reverted,  by  making  the  valve  open  aekk  oV 

bottle:  then,  on  pumping  out  the  air  from  the  receiver  which  encases  H. tk 

elasticity  01*  ihc  air  in  the  bottle  Is  checked  by  the  valve  Sataitio^;  ondwrej 

a  sufficient  vjcimm  h;i*  been  cthu  in  I--'  :lif  thin  square  k»Htlc  bursts. 

When  a  long  receiver  is  placed  over  a  glass 
bottle   containing    <**icr.  And  clusoi 
light-mlim;  rrak,  or,  he  1  ■  *  CJf\ 

through  which  a  tub-  pa  vet.  a  miniature  fcaa- 
tamisot:'  hen  the  elasticity  erf  the  if 

mei    pumeicntlr  n  ..4  u* 

water  from  the  bottic  through  the  >et 

1  he  Piezometer,  us  mode  by  Mr.  l.-uld.  u  a 
IBO*t  useful  and  safe  apparatus  for  sfemingtU 
condensation  of  certain  gases  vhich  axe  casr? 
liquefied.     (Fig.  4*).) 

A  vary  stout  :  toenail- 

ing the  uas  to  be  liquefied,  -fc:tfc.  is  further  m* 
rounded  bv  «  1  rsjr  arrange* 

mi  nl    4  b>  nds  -  .«  wtYfnav 

u  l   «i'!i  the  «  Ifei   liy  mercary^  yitnaica\ 
of  course,  the  r,.i\  don  not  art   upoa  it      TV 
strong  Klass  vessel  is  provided  with  a  vrrystasf 
cap,  which  Is  securely  fired  »nd  crnxntrd  s» 
the  top.  And  this  carries  the  vessel  crmi  ii—c 
f     which  is  gradually   pumped  rato  aV 
vessel ;  in  this  way  the  pressure  is  so  ce^ift 
pp  icd,  that  tin-  iu!h-  .ficlosmcthecitwiwt 
subjected  to  any  unequal  force,  aad  byaa> 
■in.  1  nc  die  experiment  vtrodili-  there  i>  •* 
fear  of  breaking  the  011  I,     1  which,  of  coui  r  presi  ■tipsy 

■ 

lir  and  ha  materiality  are  well  abown  sVnmrr 

1  run  with  an  extended  umbrella  in ".■trati 

1  imiaturc  double  windmill,  which  u  placed  -.»3cr  j 
■  r  provided  with  a  rod  pawing  through  a  collar  of  leather  10  wast*  s 
hook  is  attached.     1  Pfe  *vx) 

"H''  iperatnr  to  set  the  fans  in  ncejon  arst  ia  a*. 

ami  i'  rhe  fans  with  the  riat  sides  exposed  to  the  air  come  to  real  before  ti* 
Mns  nit,,  h  cut  the  ah 

••  t  and  again  setting  tbe  fans  « r» 
'hey  cosssetorest  at  the  same  time,  because  thei-  fn  *if  *• 

•Man  ,    motion,  which  is  produced  b>  oar  spring  aa>d,  beW  ojasL 

lhr>  both  ceoav  to  rest  together. 
Th»  guinea  and  feather  glass  is  another  example  of  toe  some  kind. 


r'lC  42&.  1,'  /i-vir 

htm     tVatfr  1, 
th* !  o/UuAtr. 


THE  AiR-PVMP. 
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aefc-Mbei  %  jre 

•  nil    1-   pUtr.      Il    t\  'iv! 
have  ihrce  df<0] 
when  the  rcceiva  Is  lull  .il  D  ■ 

1  amp 

e.ilc  rait,  and  »  !'" 
uhcr,  because  the  alt  resists  hi 

<l:.wir  imi  ihcvdght 

itiru  for-otof  the  fa  ilh 

•  -o  large  a 
imped 
wit  *n<l  *  Mcond  drop  sJlowe-; 

fall.  The  Rold  And    f<  I   to- 

gcthct,  :inil  even  the  skillrdftnd  tx- 
a  rv   U  6  1    umpire    <•'    ..    imr 
would  be  unable  to  detect  wy  d<\ 

a  c  »n    the   lime  of    itu  n 
tbroasjh  the  Iss-go  i-"-  snd  Ihrfr  Htt- 
vnl  Mmultaaeoudy  on  tfai   pi 

the  pump.    'I  DC  tliml  -d:-.ij>  (TOul  I  •  >l 

.      . 
sometime-,    i 

(ill  of  the  j.iK:   .iik!   t-'lh'  -    .-< 
*  Mtrprinf     nil  !hr  rc-Milt   i\  not  pn- 

perly  ob-xrved  the  first  time. 


Aju. —  7***  Pitsowuttr  juhA-  k* 


l-i-v  41a 
7»*  Milt  with 


beapplicitton  by  Mi.  Bnt  ihi  pmoauti)  lever  to  thi 

•wogui:  I    run   nl  pi  1;    >;.  icnt  itntl    -i 

now  be  pUvc-d  upon 
I  fee  UM  Ueillt)  a-,  the  plf-flO, 

x   1  arripreiKtl  Uf  in  tin 


«6R 


;*cim<:  x  second  nm  ach  ol  thcpcr<M»;f 

L<  &  the  sound  board*  ait  paktel 
wnanr  way.  by  striking  a  choo  -.  of  the  Btanoti  frfc 

without  the  bellows  bem  htm  t><  .* 

tnd  cjuscs  v.ill  be  ai  once  pc/cemd     Is  bRff 

■  ■ 

ible  ccsvtfd 
:  Ltinmenii  el  ta# 

tin  fixn.  ;-.UMI 

if  wind,  t  oracsioogTcit  mmratsr  m 

■I  witbou  iguc.     In  inch  nu  rhepjstra 

Ue  Several  >l'.v  •iisagrcOfcbte  stiff*, 

perhaps  none  of  them  may  h.  some  contr.raac 

bodily  o»*rpower  the  resistance,    law  pocunu'.ic  kvef  petto 
necv*«uy  ",5  tbe  cegajaSEHStt- 

i  into  his 
fhc  J  with  Mi.  i;-vnk  orps- 

rl;  lint  hi*  ..  ppl    'i  , 
The  n  i  ng  the  pneuimtK  Ie»ef  as  ■  .ici» 

lor  lii  «fWB 

Mr.  iJ.vn      ll.i'nil'.n     o|     I. (In  ;Sijr,;h,  .in  >Ulh.  tu 

-.,    Mr,  II amnion  ,idd«l  a  morcmc 
of  m.  John's  episcopal  *  pcrw 

n   l3»4  p*I»:r  *»i 

Ihoi  -or it  Birmingham  a^rauosy  of*  p"** 

1c  lever  which  he  then  exhibited. 

Mr,    I  •  t .  L  ■  i ' .    lii-i      if.    n|>U   .vn  .    '  and  gltf 

were  afti  rwanl  rl  bellow*.    Ir. 

he  eft  ■  In*    i|i  nl  al«Kj|  lS)S,  f«?^ 

.  thin    ,.-.i  |1 

pie  wj»  «|.<    . 
real  orj  »  ■  bee*  f f^ 

iii  .1  nttnVn  oj  bin  instalments  in  ttu  prancipal  churche»«s*  Kia&oc.affcf' 

mce.  the  M 
"  The  pneumatic  :  {JjfWi 

K  principle  »n  a II 

■  ■  .  b  low,  igaan,  is  i  L»<  It-Call. 

cuUi 

LmkI; ing  -  ",i  ..i  n.,    . 

a  tracker  th.it  sets  the  scve/.i! 
down  a  key  on  *ny  of  the  m;. 
ausins  :l 
ii   |  diets  <*  (■>  in  the  ; 

;r  itf,  raiting  and 

.lw  u>  aU 
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iliraf  kc>.  if"  ■ 
iiribcT. .-  sarx  lira< 

,  When  the  ringer  u  -  ,,i  tin 

ic<»»fHucniN  .  it  reversed,  *ft  *ho 

lpp>r  of  air  from  the  waul- chamber  is  now  cut  off  by  the  <Ic 

•  mbcrrftf 
u 
■ospliere.      Hie  content*  thus  exhau 

•      '>v   ill       !..  4ji.  the  rapidity  of  the  <h: 
'  by  *  npnng. 


el«-<*. 


ion 


CC«V*«]iirnrr  of  the  Width  ol    |]  iAIii?    Icvn — al*M;t   J  in.  only — 

t/lh  I-  the  same  row;  hence  thr  pneumatic  action  .ilway* 

i  .-etion.    The  pneumatic  teflon 

C#rcts  lack  rtnvul. 
rwlr  J  w«h  diucHnntagi  .  :n  many  ol  the  »cm 

/toh.iac  ..levers  lias  audible  as  the 

>n  <4  the  old  rattling  !  inent*  of  old  organ*.     This  axi««  portly 

'.««(.  -Inch  to  be  effectual  Bra  «  v*ry 

T*io     Novnh' i  defect  alluded  I  10  doubt,  be  speedily 

anted,  If  not  entirely  remover*  under  tin 

r;(|H     v.- 

■ 


a  problem  of  great  interett  to  engineer*    £*en  two  ceaftarie-s  ago  the 
--•frUi»«J  of  rxooVtciru*  motion  eeonomkaly,  Im  the  pstrpeae  of  I" 
bw  -mean*  of  tjw  prrw.  'taoaphtre.    7W  original  tnoogfefl 

Scut  be  traced  tuck  with  certaiatfy  to  the  celebrate* : 
Icog  afterwards  come  Lewis,  ValU*cc,  MedfamC.  arri  Prnkus.  when 
bbcat  excited  in  their  day  some  attention.    Towards  the  <fcr 
centttry  Mardoch  vai  devoting  fail  afrrwici  to  this  subject,    TV  ex 
propulsion  he  proposed  »o  ecpfcy  was  watery  *»pc»  working  an 

i,  inriftcvrr,  ujnfcifclcd  timijijr  uf  aa cahau»tcu  tulw,  tfcrcu^h  wlmh  - 
be propelled » Mkv* *$*' '  'V*-  fnihr|Wl 

-  -v»l  was  nsadc  by  Medhorst,  U  cer,  to  ptii  !■ 

nodi  10  «  casul.  6  It.  high  and  $  fL  »u!c.  and  ore.-  ad  of 

won,  and  prnjf  ct  thra  by  mr.in*  erf  atnv«pberic  rarefaction  aod  i 
In  tSiaaa  Englishman  -Mr.Vattaccc— svude a  similar  suggestion,  II 

o/an  e 


to  conned  Urgfctan  and  London  by  racass  of  "in  ennran—  o*c, 

:U:  h,    !    .;..-.....;■.:.'    it.      ..  ;.      .  n    ■  ■.  -.  -....-  TO  '-•    BrOptBcd  ft* 

the  velocity  of  a  cannon  boIL    Another  proposal  was  made  by  Medbaot;  ** 
dfly  denced  mcisu  of  propen\*«  bis  camaffe  Is  the 

ilrrioc  cf  baa  propc- 
■  »<  ^ik-  lime  airtight.   T«e  opening  was  IB  1 
by  a  hvii  lulu  Ati  i  *  itn-. 

Btaj  n  theory,   ' 

-  iperimenrs  »•-  ftwrd* 

dude  the  air  from  the  tube.   In  this**..! 


who  ws  ro?c-v»hr,  which  liVev 

thr  tube  air-tight,  and  was  in  turn  abandoned. 

Another  inventor  cubic  forward  in  the  person  of  Murdoch's  ; 
-    bo  factory— Samur!  ClrRK-  Thoval**  fa>vntrd  !  -wfcavcM  n 

Mr.  Jacob  Sarnuda.of  the  Souibwark  Ironworks,  ejavc  the  final  touch  toll 

i]  "jsat  and  l  ■  n  of  lb.-  Kisvv.on  and  T 

Ooydon,  And  I  lino.     Thr»c  war*  at  Latt  ywsafe4  !• 

eased  'n 

:hc  use  uf  a  poenaaatii:  utbe  &x  nV  trsnv 
;xiwrT  a*>.1  :urr#l- 
bdth  K*fd  toihe  amtnr;. 

ipalch  I  jbcol  the  present  d-^  indVai*.. 

posed  to  useapump;  but  the  Dispatch  Company  *>aw  attain  thr  Mmcot 
with  an  art  1  produced  by  means  of  a  n  < 

I jtitner  Clark  used  pneumatic  cubes  for  several  ye  us  :.%  a 

imcAtion  b 
urj  -»n<l  tit  i  Corah  ill,  ibe  vrrrahMt  Msagihaf 

rtersofamJ  •  ■  m  .;  !■'  kjJ  Jiwftirc 

from  Con  -  int  i  igw  i 

ri    :     .  ■! 

fucMiff  oi  '.   V  -*m  throoa^^^H 

like  a  pea  out  of  a  pea  r-i  of  r 

■  »t.  mil  the  piper  « 

'.dci^aph  instiaor' 

ibe,  ddiri. 
iv  now  wortunj  most  laiceeaUblrybL 


STATIC  LEVER, 


J7' 


Squsr-  Western i  District  Post  01 

.;  ind  I  iin  il>< 

wbics  iimwolKndinK' 

erected    fo:    |] 

rerj 

lot  an  cUipUCi]  k«  main,  13  in,  by  30  m.  >\idt,  an 
f  akicot  9  ft.  below  the  read. 

■  ,. 
irm*!.  -arc 

■  r»m  a  ft.  apart     I  ut  wt,aa4 

I  8  It.  long.  and  ruin  upon  torn   win  We  have 

.i,„  t.  q|    , 

«t*e  DotpoJ  ben  pbcnl  m  the  lube  on  ihr  mils, 

1  end  to  end,  backward-.  i:iy  ho  required,    A* 

?  already  seen,  air  has  w  in  tt  under  the  Influence 

force,  whirl.  ..  ell    v  ih  ■ 

pre*»"  dine  to  the  velocln  wfth  which  it  u  whirled  round  from 

"-M-H  Uw  which  is  t.ik*n  .advantage  of  in  working 
urn*!  1  ibe  1  -  ihc  unuU  building  ai  E 

.    1  in  hi-  i  !ii  bos,    Thi%  wheel  i- 
tcter,  wilt,  a  th  ,  e— «  thli  1 

,  ^<>  *»  In  glVU  it 

*cubii  nts  at  the  nm  as  at  the  middlr.   Thit  wheel » 

vicar.,  il  about  i  iwcr,whji  b  ti 

n  the  .hi  whw  h  u  drawn  tn  thn 


j: 


thrown  off  from  it;  periphery  witha  force  wh  .1  [»r.  ■  urv 

wore  of  a  hum 
:  which,  by  on    nn  ■  .   end  of  the  tube,  It  «lt  tvi  11 

>i«dbl<  ..in  it)     The  cart  wticn  on  the  raiU  ii 

h    _S  It  Mjit.in    bO  :V  iil.is- 
11  .uh   iliiiu  rni  iui 

■    moat  ucnpli .  1  In  ','.  "■'  ■  ii  11 .1- 1. : . 

ect»  ffrnti  credit  upon  rts  engine*     Mi    rUmmei,  tor  th 
*aib  which  ihi  aii  n  di  01  rnoi     1  »niArjc»,  h> 

rom  one  end  to  the  other,     for  demonstration  at  ifal 

of  wood  wa>  con  tracted  about  ;o  h    l  11  ■      rh        . rcrc  two 
paosenecre  c  miee,  and  I 

one  end  of  the  tube  to  the  other  by  means  of  the  1  ffrotrj 

wUcb  Is  motion. 

iy  p  d(    ■   1      El  1   of   iS-in    in!. 

connexion  wuh      c   t   <  nden  Town   Sutton  "f  the 
A'rxi  1  i.-iir.l   \iir  m    Holborri— the  SmilhrtekJ  new 

I  in  Greiham  Stirri  n         ■    with  the  larm    carrying  firouj  u.i 

md  y  ■     i.l-  m    Market 

Il       M 

^i*  a  day  through 
a  con  of  nincpcnce  per  ton;  wflcrcat,  the  Pneumatic  Company 
largely 


!  now  il)  becvecn  Mklma  mm 


the  poaderom  goofe  v«ru 

about  by  tlic  P»cum*:ic  I  >;?fuu 

iv«nbcT.  1 465, "  The  1 1»»  *  Utm  f^*b 
o*  tie  pTrfurnrtw:  per  cfc.unh;  o*  depr  ■  vrw, 

times  seems  to  be  in  »t*v. 

•cry  d<:-x  I  ;  the  dare  nit  have  iJuii  tur. 

tjpjy  ilir  I  '  uiumpa  of  r.< 

.  ul    II.    (in  i.    ..     i!    in  •        ; 

■     im  earths  »i.1.  plinth  ■-.  * 

I 

iff  .inrl  w  il  led  Hun  f<>  ■   -  :■• 

and.     At  tins  tine  we  c*n  hardly  joc  t .  :«ij^^H 

;  >U.W<  lh 

■■ 
old  ^tappers  when  we  h*d  not  a  thought  ci  siejp-.nt;  by  land.     Ita  ao* 
4  nc>  iicrcea*  no  mui  can  wc  the  end,  though  it  begic*  tn-», 

awkwardly  mw,     H  Comet  I  BOM  the  •crw*  wA  tt»« 

■IJMW> 

ikt    a  Dueffttr  in  v.rniij;  mm   tube*,  and  tuniirh  ui    •mw&tT 

« i  mt  e>rc*r«r 
Itc  whip.     Vt'ekavee*))!  ««i 

i  in  theie  l  tprctstos^^H 

he  BUf-*ati*  *Mhtrt>  d  att 

raise  H  v?  direct  i  <»ner,  aad  only  n**r 

i    its  subterraneous  labyrinth.     The  notion  i  <**  'J 

■ 
window*,  and  lavages  b< 
shooter*      Indeed,  every  bod-  'he  power  «f  wind  w«irr  oW^^H 

'  Uiity  '  with  lialf-a-dnora  ini 
iinili  propiilftkin;  «nd  wcw  ■'  railway 

i«l* 
ordinu>  i 

ich  nevertheless  is  soon  orci 
moderate  brvezc.     :sot1r 

differences  .is  compared  with  *e»  .  •  id  »*•■»] 

muit  be  fixed  and  in  accord.  i«t  be  btoun  duuujS  ao**  * 


ACOUSTICS. 


THE  tticncc  whirh  treats  of  the  nature  and  Uwi  of  sound  hu  received  con- 
•id  era  blc  attention  from  Icirncd  men.    500  H.C-,  Pythsqconu  d en -r mined 
lOttt  of  tnuslc   1  iried   predscl]  im  Oic  Mtio  of  the  length  of  the  tiring* 
utcd.     Two  hundred  yem  after  ma  t ■  1  ■  pom  ■  ■»  ul,  and 

nffirmnd  that   the  number  of  vibrations  penottUtA   b 

veraely  as  their  lengths ,   ind  thai  »ound  1*  t  a  tolhecar 

ition*  1  immumenicd  ta  t!»   atmosphere.     Sixteen  htmdn 
ycax^  irt,  Galileo  r.-Wovcred  whal  h.id  heen  I  ttdenj 


<:■* 


•  <£  the  j  .tjl  wxinfc  iSS- 

:  r.u-> 

|n.  -.  - ., 

Rttliflg  I  JW«C«t  CCaKlir  .nji 

M,  and  m  IhcuDK  in 
Ihc  m  much  original  nutter,    'the  namr 

Savirt,  WhealMon-:,  and  Tyn&iU  bniy$  «a  to  the  prc*eitt  period. 

hiourrd  i-ad  la  the 

acoustics  none  mo  mar*  ditunRuishcd  torn  M.  Markrc.  uhosc  **: 
co  a  call  j'j.1  apparatus  fox  oV  *w* 

by  i  "li."  .   ■.  »  v.«r*  vtry  try 

dd  "1  as  folk-  ■ 

MAV  VAUUP*:. 

Fifteen  ytm  «i;o   Marioyc   said,  of  all  tbc   branch 

lupa  f:r  tfcis  reaswa  ■  iv 

uropc.  as  coring  the  widest  t*M  tvir-N^ 

•ofaaa 
luiginc  lie  *..!«.   I 

oeaiing  1-1/"  tsew 

mived  1(1  point  Jit  which  mc 
•  the  secret  •■  o|   N.iturr. 
Up  to  the  present  time.  strange  to  say,  we  have  used  our  eye*  »eer  ia«*  or 
can  in  tbc  study  of  ac*u«icx  tod,  wh  ramk 

hm  '•  co    uppliod  by  n  and  by  irog  ■  i 

thanks  to  ingenious  devices  /or  making  I  :    r«Li  *>*" 

■k  to  tiic  eye  wc  have  acquin  d 

•in,  &c.;  but  »hj|    . 


I  i  ■      ,15  —4'MaJMfM  SomJ  Fi{*  i 

liquids  and  of  £»<«?   Wear.  :nanyfermuU- 

more  or  less  probal  .i  tile  or  nothiairof  abjoluie  hcM 

..A-:  researches  to  *iccit 
Tti«  • 

I 
-it  the  e.  **  law* 

rcceirtrl  An  education  .id-.tMir*  to  at^Jj 


JigpcnMriMfr  and  cv<t*  when  ft 

all  that  vc  desired  to  ascertain 
app-  u  <-v-ii:ty  of  aji  ear  instructed  for  Hi. 

itiie*  has  be  i  i  (or  we  Mill  find  pTofcwors  of  ncow 

mor«orWMTi  n  the  present  day.  when  a  person  acquainted  with 

^^^1  r  :om- 

r*  by  lcuniag  Butfc,  ii  m   lx-  not  tlraad)  Dad  With  i'      lie  ccr 

tag  r.f  music;  bul   ii  li  n  cfTOT  to  suppose  that 
ravst  be.  or  th.n  u  suffices  to  be, 
Miunis  ■  .-.  ih.it  i.msii  i.inH  jirr  to  nor* 

f  icj ■<  rd  in  music-  tc  more  i  m 

sometimes  they  even  judge  wrongly  of  musical  note*  when  the  relatu 
those  botes  to  each  other  do  not  Approach  to  musical  pn  m  I  hi  tut 

tbey  have  acquired  of  not  listcninc  to  sounds  which  .vc  grating  to  the  car. 

When  a  musicun  hears  sounds,  what  strikes  him  is  the  notes  they  represent* 
and  their  exact  mutual  ruUiion,  not  so  much  from  their  munica]  interval  as 

hi    li  i'  m   to  f    thi  If  t  ■  ne  and 
mimv.; .  tience  ic  results  that,  the  moment  (he  sounds  he  hc&t 

laager  pi  llic  LrnprcMion  of  notca,  lit-  bean  only  nouaj,  ud  can 

-<.t  Boogrr  ju  injf, 

■  I  pro    ite  jouihK  M  a  mult 
lifer-  It.       Hrrr  tlwrr  l»  OO 

pre  listen  t< 
-wemayp.is  bul  Utile  mention  to  I  kdlsttrtett 

:i    thC  ftrSt:    iV.Ml    muil    l>t    i  ii 

trtueh  &CC  .  and  those 

sometimes  follow  it.    If  wc  listen  to  the  tone  ol  a  sound,  we  should  only 
the  detection  of  the  mode  of  vibration,  or  the  different  sound* 
any  produce/ it.     Finally,  if  we  ]  >  two  or  to  taaaral  ■■■■ 

i'l  merely  be  to  appreciate  their  mu-'  tL  or,  tospeik 

■  i   imuiri"  n;  but  as  we  can  Iia.c  an  idea  of  ihatc 

i  :  lie  :   in  mil,  it  folio**  thai  the  j'li.lcwor 

obei  iti--.  itlu  onrj  mo 

..•lrx;;x    hi  mi.;    'ml 

erfi;  it  tn  '■■  i.i.i  ,t. i,  i-ir if  hebaved  ■    *  mi.  ix.it, 

be  may  decc.  n  :  as  c-mly  tn-  an  interval  of  ten  notes  as  by  one  ol 

1     ■ 

Tt*ink  of  what  immense  resources  the  ear  would  procure  us  if,  instead  of 

rAcn  bcannff  t.v.cs.  h  fctaayi  heard  lot  u  i :  n.  eva  a*  tre  ol  what  h  bean, 

i  toonda  whoro  we  imagine  wc  heal 
car:  n  n«  between  them:  it" 

. .  I.iimni,  v.   . 
Of*    -.  ■  :•    ihcir.      what     r  ink     lii ■•<.     fa     Id     ill   the    h*nii' 

;,  di vi tinn  nf  m.iti 

■        <•  iher  they  ariic  from  the 
nrnil  miuiuI  M  then  have  reasuri 

to  hope  i  asthnec  of  the  can  .ud  rcsc.irchei  would  not  be 

of  in  tavcfOgatinK  the  vibraiicci 

litlicrto  Ihcti  in  the  Investigation  of  the  vibrations  of 

i  ofsiblc  thai  ex.  i  a  reader  the  eat  fitted  for  such  fiux 
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ACOt'STfCZ 


Ab  I  wnsil  may  we  cot  expect  from  thii  procioui  effg u 
10  keep  ■ 

it»,  wahoi.  rig  tinny*  that  inure*  n 

,  their.  I 


u.— Driving  mtdefrvm  /it  Mkr*u*f 

-j/tf.Mwm  <Vr  Drmm'j.*/  t- 

MtowlQg  ti«  rtmaifebli  mpn  i  ..ntrta"!)*- 

....  .  «•■*■ 

lir»*r-      f  ■>■   ■.(».-»..  w  I   .  .  -    Ml  Ikfi   Ol 

d4  »nt>  i  wrtiLI  round  Nf*e,  c»l i *■  ■  ■ 

IftiUmcmor)  .l.l<ii.r?     Il«r>  nnl  Ihr  praAlftt  teeo^nii-  i«f% 

iiny  yr.ir*  after  he  h  Do  «.•*  *e  rucagntre  a  ubtM 

whmn  we  haw  not  seen  for  twentjr.tirc  or  thirty-  yenn,  and  when  tbf  rang 
of  :nnc  have  altered  hi*  pcrton  il  appearance  ''-If^ • 

that  he  proncunccB?    H<  tbo  wttnd  of  hK  *M 

diapawm  in  his  ear,  notwithstanding  the  multitude  of  *o«rr  ■*  W*i 

mcvreinn  iSch  apparcnilv  ought  to  make  hhn  fore-. 

If  thrre  \*  <|iir»tfo-> 
•i*  in  appreej  nine  feeble 
the  Air  by  rhe  *  uffirtrac  t 

exael  .  njgw  made  byta*  §*  m  cadi  m 

■ 
are  contained  between  the-  highest  and  lowest  fwtet,  hoeibc  :. 


THE  EAR 


m 


.  iv*  vith 

m  thgi  i   in       .iit    .11  go 

>  ,"        I  b    '  i  1      i" 

■  i 

.,  . 

: LflLQ|  ■     ■■  i    -    I"    ""■ 

dlthaugh   I  (ite*. 

ia  a  second." 
adapted  to  Kpunut  and  appreciate  ihc  different  sounds  which 
if  pru*lu  f     Anun  When 

aid.r  of  an  orchestra  hairs  a  ebon!  frequently  lormed  by  the 

as  direction,  he  not  only 

Bbul  hi-  dintii 
(rail  the  notes  ■  ttmmenU 

■■    ■ utu 
..... 

produce  them  * 
bcthei  it  !• 
m?     It  ii  i  -i*.irv,  long  before  be  perceives  anyti. 

■  he  hears  is  that  of  nee,  a  cabnola.  or  a  can.  and 

they  be  lo.ido.  .'     Do  not  the  blind  recognirc  the  age*  of 

:i\i|    (if    til 

irjnjj  the  relation!  which  sounds  bear  to 

na- 
il *r  u.k  in  i  habituated  '■  ■  litwat  me*. 

)rM«   thl      r.l  iij'.  .     I.  ;,     :!i-   ..I     •  ..  I        ...        .    ||   .!.      .    |   1 1   . 

pUXir.  iilv     |r.    .1       hlllicth     j).ir!.    \sr   ,il  .     >Ui:<  k    Ii,    the   lill- 

»  of  his  eye;  but  to  the  car  a  thirtieth  put  rcpi         Li  more  thana 

if   '.  hi  h  hears  t»o  sounds  con  err  only 
i  cftdicdifc  part,  or  about  th<:  forty-fifth  part  ot  .»  note. 

«nptlcud<  defective  La  seising  p»**  with 

ft  and  whose  traces  are  lost  is  ipse*?    F.-.r  t'nmi  n,  Mnd  the  preserva- 
ite  car  li  ■•  to  at  sensations  and  judgments  being  lnsun- 

I.e:  a  votind  Utt  but  .*  tenth  put  of  a  second,  It  is  known  a 


I  :  "Ct*»C 

h ii.' 

.....         .     , 

NMMtfii  f>Tiix  (oi  theeir.  ■avhibctanv  tot<  i  tact,  n  nut.  ,ud  mndk* 


•  c-»*-\  I  fit-  '  i  •<*'» 

MM   f»wi'<«*i/*r*l   jit   id   bv  if<ui   Ol   «;-r-  bfn   14 

to  m»  tou**.  I 
-.1  nH  »ii»  el  ihi  <|a«AOfi.     Be  H"*<*  «tti  ma, tt  (b* 

■  .  -r« 

»*<l'l    II    IIH*l<ll1    PK*-Jl.  t    WM    COWl)' 

. 

yi*%tii  I   »n»«  ifc**  it.  »%>■:.  w  'Q  yii>iUnf.ti  »>  m"  i     ■ 


4?* 


kno-n  than  it  il  lasted  for  a  minute .  And  if  in  this  short  ajad  atmosa  inc  s  <**■ 
imulUAcously  rruar  »oua£s.  U  iliilinjf^tfcii  toce 
■:r  confounds  than. 
15ut  if  the  car  be  thus  sifted,  is  beyond  all  doubt  it  ts,  since  the  Imm  I 
have  cited  may  be  observed  and  verified  every  do)  topMft  r"w 

penont  en  thought,  or  sometime*  think 

auxiliary,  membranes  or  in>  other  kind  <4  artiicial  ear*.1     Uot*  not  i 
thu*  to  aid  the  delicate  sensibil.ty  m"  the  e*r  resemble  a*r  t^b  is 

■ 

Let  u*  learn  to  listen,  let  us  accavtom  tl  listen  al»  Da  lm 

to  everything,     l  tt  In  Lh< 

■  .  and  inn   iha  I  find  LIS  *«i 

exercise,  (hot  several  of  them  invariably  become  more  perfect,  th. 
becomes  infinite,  its  precision  absolute  us  nckUcy  constat 

i...  and  when  the  aid   il 
acoustics  can  only  be  limited  by  <> 

For  mtnzy  yean  I  suspected  these  truths  without  tcinc  able  eo  acqnrr 
nttdi  :onsoqueni  <H  •* 

Products  of   i    .'■,-.    i  "t    t&iQ,   ■*'"•  Ii  gave  me  an  opportunity  of  Ni"#^f 
...    tar  B  exactly  w&Al  urincd  it  !■ 

Duriruj      <>     vmecitn   t  ntcal   n»«tnimcnt»,  where  I  was  prestri 

member  of  the  central  iur>.*l  listened  to  the  instruments  with  nay  back  trot 
to  avoid  bcint  influenced  in  any  way;  (or  although  the  makers"  name* an  tfao 
covered  with  numbered  tickets  I  tiU  might  have  re  cr^ixcd  several  fe»» 
ring  seen  them  cither  at  the  I  or  in  the  workshops,  and  tk.< 

Judgment  might  be  warped.     Vain  precautions !     From  the  wxarxnt  a  yisw> 
I  two  inUrumei  i«oar. 

acquainted  .     .    i        . 

if   iftci  »  urdaprcscnJ 

in  lln  i ;  of  llir  wind  in^crumc-iiK  Ii 

:cneral,  but  chiefly  from  certain  shades c4  tone,  •• 
all  kind*  ol  instruments  by  the  same  maker  x  tolerably  cliaracteriM* :  lisssh 
retemblance,  *0  thai  «n  attentive  and  practised  car  cannot  be  rniatiira  **» 
it  compares  them  under  the  same  cireur 

1  was  in  an  excellent  position  for  testing  all  the  precious  trial. 

10  Ok  t  ^pjmrlwiill:.-.  I  <J  •» 

trying  Um  tnrmerus,  I  heard  ton  mforcseen  •  «•*• 

me,  and  winch  1  could  not  comprehend.  m    iutanft  . 

attention  waa  not  HJ  Rrcal  at  I'  nf  lln-  i  n 

he  blood  rushed  vii 
diatcly,  ami 
vhal  wx\  fMVMng  ainnnrl  mr,  with  thr  nrq:tion  nf  thr  rnhjoci  whi-.h  inlrnsl 

mr.     From  that  m  ired  tome 

ringers,  the  lips,  and  even  the  breath  ol  the  arti>t  ■*  :nrn*n- 

mcbts  pen  <'«rlo<nnn 

ivd  to  hear.    It  appeared  to  me  that  the  tvruir  .ncrcaard  •• 


tWimcwy  of  ani  f**rrul  crir*#S>  ikVmwWK.ny^tl^  MWnkM  '-  «■•■*•  *•  •#  I 
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Son  became  gTeMrr.  and  thit  >t  .innihihted  All  my  olhr r  vnw%  liy  *h- 
[  ay  whole  existence.     I  imagined  thai  I  hcird  i:  .in  lnstru 

ic  In  thought  1  could 

1  ie  instrument  made  in  the  new  or  in  [he  old  establishment*,  or 
•  when  the  workmen  arc  frcqu*  <:«ldom  changed.    I  thought 

rcco^nire  ins:rumencs  made  expressly  for  the  mvowj,  or  v 

hi  the 
u  <i  in.  m      I  thought  I  eoohl  dcte  I  i  dWi 
tone  anil  preci  roneM  wtw 

:  *.»»  heated  rq  I  cf  the  nrtSat.      I  though*  l  i   eaeh 

ieomcunr.i  by  «nd  preceded  b 

le.     I  thought  I  could  recognitc  the  sounds  I  heard  five  yean  before 
when  I  wxa  pretent  .is  an  amateur.     1  thought  1 
I     til  fitttcned.     Hut  we  cannot  fatigue  »he  car  witi  the 

,  had  made  had  destroyed  its  sensibility,  and  I  do  not  suppose  that  it 
a  long  time  hence  be  submitted  to  a  similar  test. 

.  :.ll  thai  1  :m:igirrtl  1  heard?     Could  the  sensation*  I 
need  arise  simply  from  rat  nervous  oci  <'.  n.-gctbcr  i; 

11.1    on  ■    I  t!  uli  ii    lini   .    ii  .  now  i  om    i 

faithful  judgment  of  my 

the  car  may  be  deemed  wi 
I  %hitll  if   ti 

i     j, -.th   I  J  feUO*    [>if    i!  .  ,-ili:<.,ilioi 

I  proceed  further,  1  wish  to  rectify  an  error  to  which  too  paictal 
tfren. 
fc  fe»eraJ)y  hiuujinc  lhat  n  good  c.ir  r*  by  no  mean*  common,  and  fre- 
1  persons  are  imprt ■  ■■  n  idea  that  they  have  no  ear  or  a  false 

et  them  make  their  nundc  easy  on  this  subject:   bad  ears  arc  much 
lan  gi-  Atnrm/  .i  :  wliiifc  I  liar- 

nbrr  i*  prat-— I  never  met  with  oneevrn  «!■  Ii       •       I  fc  un    wn  i 

■.,... 

without  fttorntinn  were  niaoepfible  of  ai  i  high  degree  ol 

•■>.•.  r.i'.-i.  hy education    Mow 

I  ajc  we  commence  the  education  of  the  car?    Unfortunately  not-    In 
the  car  ad.ipt*  il  ell  i-   .ill  the  racreiae*  we  mnkc  it  undergo:  iti  pro- 

rcoacs  by  habit  i  wtailt  aJ  theacoolnvr- 
July  the  ear  is  less  obedient,  us  progress  is  slower ;  it  can  doubtless 
my  own  car,  whose  dcf«t 

degree  of  prccivnn  ami  *h  ntly  il  will  . 

ii  cannot  overcome.     It  would,  therefor    h< 

r  the  Interest  i  .  and  even  fur  that  <»(  musical  an  and  the 

ion  of  musical  irmtnnnrntt,  thai  in  ..II  i  nflc  >«-*  *n<!  *ch 

ihcm  musicians,  but  tn  teach 
i  listen  ami  vhat  they  he*/. 

he  purpow  r-l  hr.inn,\  i:  i  -ormftl  Mu: 

ly,  and  heaTs  everything,     i  ■ 
f  hear,  i;  docs  not  suffice  to  listen,  even  when  the  ear  is  practised ;  we 

•-aiL     \V1 
fc  by  j- 

,1    n 

kaa«/ihc/uri>  . 
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the  eft  ooi  wfch  the  causes  whiich  cave  rii 

....  -j 

l«iaj«  at  4iM|K|' 

■ 

the  lund." 
.1  *-l-.r:i  we  atrikr  thr 

■■  .. 
sometimes  csxn  *)th  s-Jlriacnt  d. -t  on^u  to  proic  c  sarreeaUc  I 
1  .  it,  !!■-'■  *  i>.  <tft.  may  i 

iffrecabk  aotort.     I 
obex  of  mmician*  test  the  a>ak:»es  of  an  .nsiruxrxn*  >| 
ihcm  i  .ifrfio  oor  by  -». 

in  its  *....., 

.      . 
iti .  th   >  |>.  ■  ..imtiBrr. 

'  *     'fhey  hen  I 
han);-  1-1*  Both*  i  :omp*fiy,  r*of  tin  nmr.ii 

wood,  llJ-jnjrv  <up|Kr,  Sec,  Wbli  hi 
their  not  knowing  hov  Ml  for  they  hear  them  all 

On-  tuk  ar. 

The  first  thine  tobx  n  u-c  commence  the  education  of  the  c«ra 

Math  il  how  tn  Hxicn.     From  On  ac«* 

several  sounds  or  noiie*  .;cc  bat  taoat 

hc  tie*J   i«*n  tuundJ  d    ami    lU  m-  ihnntl  haata  fl»H 

mer.    W 
iincr  »ounda  bean,  and  how  they  end:  and 
l In-  i  tr  much  K  ml  wc  irru^inr  «t  do  n*l  a*»» 

and  never  to  listen  mott  thenar)  instant  to  the  same  thing, 
these  exercises  n-UJ  r^ot  teach  us  much  ;  but  wc  should  coasu 
ilv.  in  h.bit  tiicv  bOCOBM  fa    Il    ' 

While  v.  these  exercite*,  we  sfcoald  teach  tt 

h  musical  intervals    This  generally  appears  somewhat  stan' 
fircalci  numbes  k<(  »•.-■ 

I    with   thrm,  ..ml   for  t!> 
instm  ilni/nf —nifl  SWi  i       i  i 

■ge  of  twenty-five  year*,  il 

ted  with  th<  -.i  when  wed 
is  something.  I  am  ovale ;  but  it  is  also  something  to  have  a  j-nctind  m 
we  should  reOjUin 

to  be  adopted  in  the  rtady  of  interval*. 
do  better  than  to  indicat*  wed  by  M.  Duchem 

nt  ihc  ..  ufrj  «f AiiU)  erf  Paris,  by  reason  thai  theanani 

ii  1  nitnessed.  whan  he  icaJ  huu-> 

hou**.  lefi  nothing  ■■  >'ed, 

•  ii.  tcm-nro* .  - 
if  *ny  w*.  ■ 
4  half  a  no 

.  r>  j^s.bc  «iuun  Vdotklaassaaa ' : 
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of  a  note  and  to  that  of  a  major  third.     He  nert  makes  him  compare  the 

major  Hiiid  with  ihc  fourth,  nil  toUS  succvssuc-ly  .ill  llit-  iit.ijor  intervuu  of  l  he 
hxrnr  Octave.     He  then  returns  t<i  the  point   from  which  h*  started,  and 
make*  him  rumf»are  the  major  with  the  minor  inn  rvall      When  the  p  1 
ed  with  nit  the  ascending  intervals,  he  re  ommences  ilir  sains 

Kit  m  desceadinfi     Kiai     .  ■  tmn  n  thr  pupil  h.-is  compared  all 
the  intervals  by  two  and  two.  M.  Duchcmin  makes  him  listen  to  boh 
rvala,  cither  ascending  or  descending;  at  first  those  eompr.^d  within  a 
iftenrards  within  two  octaves  &c- 
bc  knowledge  of  musical  intervals  thus  obtained  be  BtnVdoM  lor  the 
musician,  it  is  not  so  foi  esaor  of  pin  sies.    It  does  not  suityx  for 

to  be  xv. ■  .  il  U  true  or  false,  or  even  when  it  \%  too  prat  or 

must  be  capable  of  estimating  almost  exactly  to  what  decree 

or  too  matt    Ncfcaa  doc-  it  suffice  far  him  to  be  cjpai>i 

|u:i  ig  I  it    tot    •    produced  by  muiirul    iiiMriimi'ii  ■      \  i     tf    i    una  to  nun 

il (  1  he  ear  that  an*:*  from  any  rib]    ton    notion 

r,  he  will  hear  them  of  every  kind,  a*  regard*  their  ii'mr.  thc.ir  intensity, 

1    ii,  'In  *,&£;   hr  will  ■  v-  •;  ti.  .|ii.-;ir!>-  !..    forced  lO  SCprt- 

to  compare  sounds  which  have  neither  the  same  tone,  intern.) 
then  requires  a  great  accuracy  of  eat  lad  mag  expert 
from  errors.  It  boeomi    , thtrtfbr     100  IMB7  to  resume  the  study 
but  now  no  instructor  is  required,  and  some  of  the  experiments 
be  performed  without  seriously  occupying  our  time. 
[  present  each  interval  i*  to  b<    COffipartu  with  Itatbj  by  taking  it  true  kl 
*nd  mm     n  .ltered  in  the  other.     For  this  purpose  we  make 

of  a  sonometer,  divided  s*i  a>  to  enable  >.i\  (.>  .  ■  1  Interval*,  .mil  si 

tut  time  tn>  make  known  to  us  the  numerical  diffi    pn  1  *    toing  between 
>r  tnir  intorral  and  this  aamc  interv.il  when  altered.     (My  dm-  n 

15  well  adapted  to  this  purpose;  mdectl,  I  called  it  by  tin.  name  hot  kttat, 
iih  dal     >f  its  first  ii  n,  1  used  il  lor  this  object  I    And  u  it  is 

lirod  to  hear  the  two  sounds  of  the  same  interval  in  the  shortest  pGM.hle 
of  time,  and  to  hear  theft)  Often  iep«    1  lulmneousiy,  -^  lu-iiHimn 

"to  thr    ii  ii  ...nun,  we  begin  by  tuning  to  unison  tin   l  wo  strings  of  the 
teter,  to  enable  us  to  take,  by  means  of  movable  bridges,  the  first  note 
ji:d  the  Ml  mi'.l  on  the  other.    Tin  11  ROJ  ■<Miipan-  th 
-uli  :'i,    interval  altered  to  thr  maximum,  that  is  to  say,  about  a 
1  «r  lower,  and  we  continue  the  comparison  by 
1 11, illy  diminishing  ilic  nufereneetu  »"io,  but  thvan  <  iCBomciu  e  il»-  sap 
11  by  listening  »«■  tin    1  in    interval      1'   i*  no]  with  *aokUe"bo* 
sound  thr  v rings  in  these  cocperi    ienu    but  with  thr  tingci»,  and  always  fechl>. 
reason  that  wc  can  better  appreciate  sounds  i  nal  are  low  and  ol  short  dura- 
iian  wean  Chase  which  .in-  loud  and  long-continued.- 
an  easily  comprehend  that  by  means  of  ihcse  experiments  the  ear  not 
only  le Ami  to  estimate  the  relation  oi  two  sounds  with  tolerable  precision,  hut, 
habituated  to  the  most  rigorous  exactness, 
Wc  have  hitherto  only  learned  to  recognize  the  intervals  of  notes  which 
are  very  distinct  and  always  of  the  same  nature,  nincc  they  were  produced 

TtaCOTu&ili  ilu'  ili.'a»*p^rertilP%nv>«»j*ily  *t»  lh»*  rn*npr>«#a  wiiMn  ifn-riuj.-mtt.  .1  'fir  1 

•  hl(ll  M  Jii.l(r*  |p*J  It*  »M,|ii|t,t1   .Irrlilr  t iu  .f .*tilr  rMHMllJ      fc [*  II)  M) 

■■     1* «yi    n   "»'<!  lu  tatie^c  tliat  awuBd  tetomci  lowct  *fc*D  ra   run. .if 

11 
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DOt  rtiough.  %e  Bu- 
ttle drMinglnrta,  «k4  o« 
'•.  m«  between  r«-  ynj**i 

ic  cesser  fo  icnto  or  for  rctobr  stado.  R  «* 

■     .  ind  to  seise,  cm  s*£fc  °Wcn> 
(  thcnifclTOb  *=.■* 

ompaic  t>.  tk 

id  two  bottles  unequally  titled,  vc  mav  b^u  cm  the  r4cs4 
their  ajwr  rhich   fesul  .  fcrit  will 

■  >n  to  unpractised  • 

;-v    In  .1  wfitd.  »oconte(  w* 

,    i,  of  ;■  h  l<fii 
ouMni  ricse  eacfcisea.  apparently  very  innocent  id  fart> 

r  tO  SKfiX  MMVJ,  b(*    ktfnil  w  Wsc 

eml  rrb".  i  rrhrttL 

SoV>n^ass<i  (he  um>  rsuitcr  bov  short  be  tbsr  iiv> 

i  sharp  Ufcey  miv  be,  their  relation*  am  *J- 

«til  tier  *•  :«»d  w» 

■  n  !■*«'»*»  ■'* 

limn  III.-  till 

ivc  dilhuj  . 

%hcn  iIk-j  m  .11  denned:  in  these  instances  it  u 

ii  •     :n  ;hl%  :».. i  .i  ■  >i.  to  be  deceived  few Aacft  r**»i 

■uriil  the  octave  wir.  worn  the  interval  cxecc  ■'*»•. 

V Lnafly,  there  remains  something  to  be  dor 
porunt  ut  ii  :hc  eaercisc  of  the  <■ 

•  i 
''■■I  ml  .i  I  i  bins,  Mid,  .aihc  n 

nf  wIim  ll   it   :-  i  ■  ■         r  pet«iui      •      • 

'1.    Ii.it  ;  .    iii  'lj«r  -i  <tuwd  r*  I 
-and,  sad 

havit. 

■ 

rfhich  gave  rise  t>>  ibcJB  UAereal  afiitf. 

soundl  **ill  no  lot  'lKra,ioda 

:        i  do  here  Is  to  Ii 

■ 

len  eater  on  some  cansaimfta  i 

■ 

©f  th 

F:-i  ocrcisc  ae  select  a  note  aettbrt  t«  km  ■ 

frare  a»  pMSibte,  at,  fe#  txaanpl..  ta  open  orrar 

'■it  of  my  tuning-fork  momc:  ■■ 
cr  *«ll  Iltxmc  beforehand,  but  differifu; 

yf 


a  cm  i 

hanging  tar  In/fe-r  unit 


of  the  attfttaMi  ol  tfe  e 

•now*  iitut 

we  hear  i 

■    i 

farm 


listen  only  lo  t*-;  higher  note,  which  should  be  gradually  weakened 
todntia^  u  *v  «rw  to  t 

■  m*y  be 
nay  renew  the*:  experiments,  using,  if  wc  please,  the  same  m»uument» 
.     pre/tided  m     nan  .      i  tfc<  hi(l  1 1 

ax  add  flc^h*.  tn  be  unknc-  it  should  not  have  been 

alone  prctTOU*  to  the  cxpeniii  d  by,  moreowr.  conn 

and  foefcoc  !i  jjwpoetior.  to  the  town  noiu,  tri.*t  ii  may  1"  ; 
the  tail  hannoB  -mind*  wl 

Bbe  principal  note      Tin:  t«*o  note*  bt-n  *-.-  thoota  tty  to  npp 

i  ■■•  of  tin-  uppa  i 

;, 
f  in  tone  and  intern 
■ram-.'    iici.i  ihnv  uiiimU    and  hi  '1  hi 

■ann*  hatcver  remain*  to  be  d  > 

a  of  lEr  car  I"  to  >«  it  heal  an>  ixttticipcv 

I  ."  i  nln  ;i  of  li«r  ai 

i    I  with'  iii  :   in  ■  i 

>»  i  ■    !  ruck  b)  ihc  bl  ide  ■  '  i  knife,  w%  •!«  m  ;u    > 

te  and  1 1 

proportion*  of  tha  k  ■•*»*,  from  the  minor 
mij'  -v,  the  second  harmonic,  **hl 

I 
ve  bear  a  atrinx  of  modcj  •■    i.  nj;th  rewind,  wc  m,i>  diilxnrni 
x  and  remjik  ili.u  these  v  muds  vary  .<■ 
Ike  Sjlrac^  on  wbicfli  we  operate*  and  lh 
((cm. 
n  we  tear  a  dr,_ra,  wc  remark  lira  rtaba,  and  confuse- J  I 

tionv;    'In  |   ik   thl 

os*  die  membrane  and  it*  harmonics,  anion*;  which  we  frequently  dune 

■    uk  i  great 
rr  <>(  h  !i  in  iln   v  .  «  and  "i   -'u 

ran<  |   i,«||y, 

akiin..  the  Katad  prods 
nam, 
mote  on  the  a;  ouncU    When  m  tuning  iork  Uaou 

.     . 
I  tion  by  the  Bfigfatl 
ncd  in  *»  m.  e  from  any  rxtranceos  tound . 

k  it  d*af  to  nil  loam! 

If   ilu-n,  .i  Itimnjj-I 
i)  sound  "i-rd  b>  a  I 

**\ — 1 
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For  *wn  nv  I  reject  the  idea  of  p™p«n<ng  s»»ch  a  lanlma  rrf  hW  . 
t  know  the  en  elesa,  I  lia*e-  coed  tL,  jml  ■»' 

MCCesa,  b  I  **md  In  be  j.-i  ort: f**  t  rU  •  -  St  i 

apfr-  ■  «  arable  to  A<ingui?\  1cm  froan  is*  wrtltncM  tin  I 

free*  iti  pnlrtt  eo&aonassec  sntn  the  pnncsfal  note. 

It  m  by  th«  method  thai  1  frmntf  the  nolo  ef  l*e  ■  1IB  r^:i.. 
chest  are  always  accompanied  by  the  upper  octave  nod  by  the  donnar  ov-.iv. 

COXSJDERATSOXS   OX   SO* 

There  exm»  no  times*  \o*^d;  all,  with 
mixture  of  other  sounds  more  or  le-i 

tn  dac  ■mm  rf^^^H 

the  moclr  of  rih*-jttiia>i  which     ;  <nd  accord>n{   ■ 

fosna.  jf*i  ti- 
ir.  -th/pt.  ue  mbtrt  be  capable  « 

twn  •  .mr  deteriplKin      I  -^  Ir«n  4  vt 

vibrafooa-  -we  never  bear  the  lower  sovsvi  wtOioti  its  bone  prrecskd  tn 
avgfcer,  except,  perhaps,  when  us  v.bratton  Is  induced  by  the  mifcjrr. 
—Maori.     Abo  if  it  (  umh  i.f  tle%om*  '.  • 

ihe  fundamental  note,  wiU  arvara  be  pm:cii«l  by  od 
ino* 

TW  «ei  ■  :t:   '.  lad  mi-  Bo  ihrvc  observations  are  thf  fci 

-■ — Fntrn  U»,{*r  I  iowrtrd  *  fr 

a  very  resrtar  loibte  experiment  awnae  on  *nngs  a  vibraftio* 

■ 

.hnwed  mr.  m  l«4S,d 
'awing  a  bow  across  its  !    LrubnmcJ.  to  whom  I  Rtenuos-ii  ti 

M'.uncc,  suspected  I  Ids  the  fundamental 

;o  nolo  cannot  le  d 
the  bow  prevents  the  motion  when  applied  to  the  asY 
verity  I  jJtc  the  strinn  resou  • 

ef  tirii  bon  •  ■■■*  iW  ti%. 

Ing:  no  sou 
the  two  bow*  across  '.Ik  xuntc  p 

.1  note  *.<*  ir. s-xnily  ilrrriiprd.  and  aeooannasstcs; 

Although  IbJ  emonBtraticm  did  ooc  adm 

ret  1  did  not  long  remain  convinced.     I  could  not  comprehend 

f  the 
her  in  :h<  h  we 

during  the  entire  dn 

ctivtum,  abandoned  ih« 
[aoa  I  ^xvart,  to  make  the  string  yield  the  fundamental  bow  0| 

rsd  1  taw  two  chord* 

»'iii i<  -I  vibration  in  their  <■■  in  rigjU 

1  afterwards  opei  <«»i 

iird  of  it  <**,  each  • 

nation  *|  1  By  operating  near 

"scor divisions;  m  ih,f*c;  and  soon.  The*  lartna*  **■* 

mcflt,  ffnkh  yields  no  sound,  BOVtC  tnv  difTeroniial  •caoincui 
stead,  and  to  appeal  to  the  juAs;tT\ew  cA  Ow  %i,\xwibwi 


■ 


I 


length,  m^  heir  with  aunost  equal 
tlic  :v.vlfih ->:  I    ■  »  I  ■  •   noli      V':  ir  thv 

■   ihe  fifth, 
th.  \<..     An'  ranarJt,  ihi*  htnoonli      h 

the   barnionii    whi<  h   rrf 
not    ilw?  ■   bal  I-     i 

to  icci      m.    h  !i«  ::■  i        all 

■   .    ii..    fro    i  Ml   fnrosn   influence   <-.innr>t  lv    m.  .1, 
bow.  not  we  act  on   its  centre,  but  still  further  when  «c 

shown  b>,  m; 

IC       r  „•;•      liiv.i  \il>r. in 

bai  been  noted  with  w»wci  t"  the  cxntofon  of  the  i  nd 

k-  to  harm 

:!>       -llbll    i.    I<>  oiv,   .ill    the  CIp 

■ 
ly  the  ph>  i 

.  li    n  in. mi    frrc    iflflu 

•  de|^e<  ihat  which  «■<■•■ 

.      .  .....  i,,,, 

ha*-.  .... 

!■"».*•• 

TWm  L.^»*«.(.  cat  r...i%  l«  |<r-'.km.l  oi  the  Otrmim  OuW-     Ttiut,  •  *"*•  >  I  'I"  I 
tfc*  I  J»  ....    -i.    I  H     i  .    .1  >    .    .      .  ^  U  ro*iui' 


TV 
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I  \\  Its*  topi  .;nd  more  fccUe. 

fhufi  for  example,  if  we  H  H  harmoni  rawhoi 

isolated  ia  much  as  do-  placing  a  finger  on  the  middle  of  Ac 


i  .-.nil',  the  bo*  I  i-nc  of  the  halves,  t*flca 

hearing  nothing,  ah  in  the  former  instance,  wt  mail  Marmonicaknfe, 

ulihuufcrh  n  be  import.  ■  n,  bx-auvMbi:  other  h--.lt'  of  tbe  Kmc*1 

:    Into  two.  1 

•     [Mirtl'H;     .  ,:iC  »Oft  Of" 

In  the  same  way,  if  »e  •"*!  nn  on<  of  the  h-i 

l<-  iii'1  "  i>l.  theft  will   be  no  rcavin  wliv  i'  I   itotnc   *K 

Apmifid    l»v   tlir   tCCOnd    r-llhrr    ih. in    tht  thin  tllCTt  itO^ 

rvrnt    tfMK   diviMOT   in   itir  Other  h.ill  |  lOf,       Hut,  MO  RttCM 

Ma  circumstances  which  favour  the  development  of  this  sound.  * 

it  unless  ii  be  preceded  am  1  byahtfherhttsaon 

(mttOy  true  *s  records  the  third  and  other  harmonic*  higher 
scale,  ie  long  .n  these  notes  arc  perceptible  to  the  ear. 

YVc  have  tiid  enough  on  this  subject.     It  tufficcs  to  have  dcotxuinnl 
i  which  iv  ■  kd   irarovtrttly  c 
Id  .it  least  two  transverse  sounds,  of  which  th 
dcoend  on  the  j1 1  on,  Of  on  the  inotic  of  iudtaing  tin*  tiljciiii-jun 

Every  Stri  .    ween  two  fixed  |*<  . 

longitudinally  At  the  same  time    I  'iom  the  t  •■ 

deviate  fro  ;!u  line  without  U  iug  length* 

oriencd    The  sound  thence  resulting  i*  aizn-o 
in  musical  instruments,  ami  even  in  the  sonometer,  because  the  Ijralre  °n«| 
incapable  of  nrreatinr,  trw  dinal  ribrsJ 

the  portion  of  the  string  beyond  :t,  which  renders'  this  sound  «bk 

presents  its  development.     It  tnay  sometimes,  however,  be  heard, 
totuidcMbly  altered,  in  il  i    ■••ncillo,  a-gperaom  who  learn  to 

oa  toil  :n-ir  itn.  in  arc  *v!  i-h  they  cannot  account  foe  at 

the  sound  winch,  when  well  iniculatcd,  is  know*  m  the  ltngu-in< 

bf   the  l  nil  .  •innrii. 

When  ■!»■  Miing,  on  the  cant  between  tuofued  poa© 

pparatusf ;itudmal  mi  ii  withtbrbaay 

or  when  we  ftrflc  idinal  aotmd  accompanies  iV  trar-.- 

it  wc  lurten  attentive!*,  wht  n  r^a* 

.!  hear  equally  the  loiwitudinal  sound  of  half  tbe  swag,  i 

Independently  of  theK  two  atnVreM  mooes  of  vibration,  every  struafafcisi 

i  third,  which  is  inseparable  bora  the  two  others  j 

Ixt  us  hang  on  the  middle  of  a  string  a  von  thin  brass  wire,  betrt  Um  tW1 

cone  of  paper  cetfc" 

ithcut  pi  •  .is  tben  m 

iransvctvHy,  niher  with  the  bo*  or  b\  striking  it.  sad  we  shah* 
•oservc  the  enne  to  turn  round  with  an  ■  .thenn 

Si   »  ;*rlw 

rettructed.   And.toobsencilnvj.!ictit«i,  bvnoj 

...  ..i  the  <i-.iv  '  tht  cone  -ill  tun 

ventral  points  of  vibration  ..i  -  d,  *•*!  r*c* 

■    :cad  of  one  ccr  ->n  tbe  «r*t 

that,  when  they  art  placed  on  two  consecutive  dn-.-smwa,  user  ttra 
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Now,  t©  determine  thix  phNBOBCOODi  ft  t*  evident  ihui  thi  htrintf  in; 

>c  a  rotatory  motion,  for  tfei    i   m   turns  roam]    I  .  .ind  aho 
a  j  iwisung  of  the  sir  in*,'.  f«ji  UN  a 
ilvr»  periodical!)  ta  oppositi  dircctiona* 
Ic  molts  from  -«!:  I  thai  •■  rtring  irbidi  ribn 

rly  I*  (rtli  il    I-'  •*•!     !'H  ■    fiinlinciv,  vit,  tWO 

•  .  .  .1-      !i.i. .    (dread)  captained,  one  longitudinal,  nnd  an  SJtcnuitiqf, 

motion.    Now,  if  Wc  mm  toth<  m   the  diffi  reni  sccidcsital  vibratory 

tiona  which  arise  from  various  transformations,  th.u  ll  t     my,  tho:  i-  »  ■;.  !i 

rifcC  to  a  multitude  of  harmonics  of  all  Uindi,  which  iri  ll  -!\  hear 

Ffacn  the  string  is  long,  wt  find!  that*  string  o  ih  which  sounds 

rscly  may  often  simultaneously  execute  ten  or  twelve  different  vibratory 

concurrence  of  •ovntnl  ihi".  tmi  vibrator}1  pool   n     b 

tdbpcnuble  for  ihc  pn <>f  sound  i     ■  triSJlCC 

■  mil!  i<<  the  produ  tlon  "i  sound  En  so)  otnei  wbstaaosj  no  ma     i 
..hi  i  oi  dj  ti         fr»  ..  though  I  have  for  ought  '<« ili^ 

Kind,  yet  1  have  found  none  :  all  the  sounds  1  bcal 
■SMl  accompanied  b)  on<  oj  more  ham    i         in  raa  from  one  or  B 
•ml  ii  <nt  vibrations, whobc  relatiom  with  the  principal  sound 

•  rdinc  to  the  nature  and  form  of  the  vibrating  substance,  and  Also 
f:om  the  i>  i  on,  and  the  method  u ■  ■  .  -  ■  ■ 

ions.     From  thence  is  chiefly  derived  the  variety  of  tones  produ- 
Ichvni)  in  form  and  nature,  as  aI*o  the  difference  u  I 
■ti  iB  "  ni<]  procure!  B  whcfl  M 

acted  on at  different  pain  tnumesM    In  solid 

a  sound  produced  by  a  shock  has  rarely  the  same  lone  a>  when  ths 
i  prixltii  -i\  by  .t  Ikw,  becansi  Ihi  m  lion  of  the  bow  "ft*  "  prrvenli  thi 
mtaneom  development  of  ren.i ii-  bannofllCS  from  transformations  ol 

whir,  .it  the  mme  time,  it  gives  rise  to  others,  winch  persist  as  long  as 

Kliod  i  exemplified  in  the  ense  of  strings   In  the  columns 

air  which  only  yield  harmonic*,  us  in  the  French  BOO     'I"    I    impel,  On 

id  ill  the  instruments*)  ft  ir,  very  diiTcrcni  (rani  thai 

■  bkh  v:eM  tin-  fundamental  noi 

the  clarionet.  the  OpfalcicJde,  &<  .  in  the  first  place,  because  the  w/wu 
has  a  great  Influence  on  the  tone,  and, nctt,  ryilim  in  the  former  Initru- 
ith*iiV/mtinn-  arc  only  longitudinal,  whcrea-i  in  the  latter  the)  are  mi 

nd  b        fter;  cor)»equcntl;    the  l  uuc  note  taken  in  the  two  div> 
ferrti      u        niaj  not  be  n   ompurucd  by  l he  same  I  umsonii 

Th«v  ariSen  wr  wish  in  ascertain  the  difli  rent  !  ibratory  rnnlion  i 

subsi  when  uc  judye  merely  by  ihc  ear.  we  must 

irit)  tain  Into  account  themann*  r  In  which  these  viorntionsajief  ■ 

CiO  t«»!.im  »tut  1  wn  lon«  m  M»rch  oT,  Tiamclv,  *ti?  lh«  ik  cnclo»o  ti    .      oUS  ra»o\adt 

«*Ac*hi-. '      "  *.  *lu»  t—  n.,(  dtii  ■  ■   |.il    ...: 

Of  •ib*M'<l«,  IhC  Ht)f#ltjf|     !"■■'- IMU|.  ijll<4    ll    tl  II  (III  .1.  I    |ll    l|«    ;  |(l<    [Ml  i 

■  ^■i  f  I  "[■,<_*  u  »luvK  ix(vy*c<)  tltoul  IbH  |u*.**  on,  itiA,  Ulci  maoi   mctnln  i  nu  i>o  tin 

.  lie  tame  to  cl>c  cencli* Ion  thai  It*  luiitiinn  iblui  .•  >i  ■  • 

.1  ■    *!,.,  N   [|,.  !..«     I,.,..,     ■ In    Im,<]v.        Dt,|   •.!„.,  .<  -.,,  | 

<— 1>»H    [••<    '«i    ««Hlll*s    •'    ll  ll*'  C  k»  WHliliI    llt»n    1 1    liail    1*1 

■  »w-"»"iH^  'lir                      ilni    lictwiliii        /.-.ii  -**  ^  !«(»•••).•.  . 
■     i  (      I  Ml  Kt»  With  mrr-ip.  Hl»ew1di    il 

in*  ncMnrr  niov*itKnt  "f  i^rwon    m  f>c  Mnpt;  Tendrn  tw  mni*r*N«  vibniion' 
Infill       I*  *•  Sftaaa  ana  •imcimie.  (tftitfr.li.-nU. 


r*8 


li  would  likewise  fee  necessary  In  cxpertmmi&x  ttj  pofaCf 

I    with  lhbcvr   aftftc 

shtxild  be  wdl 

cooif'i'  :  cannot  take  Mo  m  ins  prtcairiont-  to  prevent  a- , 

i"U- 

[fl  :n  obtcnrtl  lli:  i 

Ith  the  sound  oc  *v.li  o  • 

..,  .>   ■    . 

I  *lso  discovered  that  a  certain  intensity  of  i  transverse  harraonk  but  W 
Attributed  '  :t1lnal  vibration*,  when 

I  nd  a  subdiviuoa  of  *V  it 
or  any  other  matter  conMincd  in  the  room, 

. 

I 

convaankatt^^H 

tound  totally  Jil  .»  l!i  it  Wl 

Very  I  'lowfaij  ■ 

..  which  would  be  very  np| 
tinccii*injflv  tm.ilil,  d 
pne  wc  do  not  hc^r.  bc< 

And  yet  what  have  no  done,  up  to  th<  umc.  to  prevrr r 

ihesc  errort.  Mid  probablv  many  others  that  are  .n?  Not'- 

ow  .»r.    It  v 

People  eipcrinv  i   one  place  or  an 

11  itl 

i 
wr  Iwlicvctl  we  kiirw  nnil;  id  eoimneiiu       » 

und  rnny  i 
ridel  ute,  *h  d  fl .  Jy  iranMnitted  th" 

In   or  I  [uut,  when  partially  or  lotall)  reflected,  &c.t  Ml  nerc 

OURl 

*,      (     ill 

■  ■:  "    Id 

be  avoided  noi  foreseen""    I-.  ii  n 

,Iim-.  not  eid  iinhei  01  ' 

noi  due  ti   li.<j*ra?    \a 

I 
•hi-  I 

.   ■■ 
: 

in  room  tM 
..  b;inu  ohli^nl  to  heir  to  the 

The  :a  nuj 

cmiry  fur  Ait  rij>  >         i  i   five  jB  hri 

•.cany),  but  *'■  ■  woamV 


>eJer» 
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d  by  the  eminent  vrofessors  of  physics 

jtci  NcitRinw  oovnesov  Pirin.tr  Brm.ntMfn. 

I   |ir  i>  <■■<-     :::ilr*\   hrttrr  lx-  i  :.  LTOUr  tO  K 

. 

consists  inconstrc- 
properly  m,  whrrr  !    could 

i  the  cspcnmcnUr,  and  whose  walls  should  be  at 
■:rtd  internally  In  such  a  manner  as  to  reflect  no  sound. 

■  h  .ippcatt  lo  OH  not  to  I     doubt  <l   si  \"> 
•xould  possess  no  sonor 
■on  Id  vibrate  as  '  would  i ;  unlimited  space,  and  consequently  only  a> '     • 
vefsktc  of  sound,   'ili  rc5  mernpi  from  an  nono,  from  *!!  refits  lion, 
from  all  di«url>ii  .  i  -.r...  .< I 

i     ■  i .      ; 

itild   .(!   tii  Hi  a  .,  .!  •  i  I 

vibrfttKci  ewts  in  the  room  thus  prcpai-  -.;  Co  any  sensible  decree. 

Then,  si    pi     r     *he  covering  from  the  ceiling,  which  J      n  po 
puruosc  of  obtxmsne  .  arrlhepc 

of  thr  no6V*uf  HbufJua,      won  n  vanoui  sounds  produced  in  different  parts 
^  ma  ■  .t  rivc  i  .0.  and  we  should  observe,  u  ire  Ldvanotd,  ihM 

than  u  wa  i  if    the  fu*t 

»rd»  uncover  the  floor  and  the  four  wall*  in  sue- 

rving  at '.  on  the  no«J  i  produced 

cdinx  from  the  "I   noting 

uBvthr  .:    :!iiiif;*.it   t  Ii .     tn  .1  hr^m*  tt,  lti\r  ill  piiril)  , 

is  to  »y,  Ihe  moment  the  sound  begins  tn  remain  in  space  Aft-.-/  the 

maybe  distinct,  it  is  not 
louijh  :U>:  it  appear  intcn-  -ibovcall  be  clear. <  ; 

place  everything  as  at  Ant.  except  th<  ■■hich 

;id  be  lowered  by  onc-hn! 

■    d  have  a  tempor.in-  I  u   I  14  oalj 

i  we  should  rrnurk.  in  the  first  place,  that  at 

ek  ■  to  loandi  c  irei  and  i  hen 

vatcd.a«  wrought  to  expect, nnci  the leflevu  J  «mnd 

sbertcf  'It  >    ■■  ■  Ldence  being  greater,  and 

in  in  more  romnlrtc.     We  shnulct  .tiNrwardi 

... 

mon;  thei  wc  should  again  unooi 

■  '         ■■  I 

pvriras  under  similar  noes. 

There  n  nn  doubt  :r-at  iik-r  this  Ili  t  investigation  we  should  become  per 

fccdr  aoq'aainted  with  all  the  .  i  ,;uUr 

-'.Ctidesofnnini;  whose 

•r  and  whose  extent  0/  sonorous  ware  do  not  exceed  that  of  the  human 

I    -'.!    nithm   thl  H  chamber,   a  <lh 

deader  sides  a  boat  h 

aatalc  -rf  to  |^:  .«  \jcwatft  Ve*. 

tbrtwv  ncwttiobtmtAeti 
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^ii  new  chamber,  wber*  ihe  reflee'  '  *f*r 

r-.M.t-.  .  oi    aditbescrirvofexpt  tovntsmadealraad]  tnifa  inker,  mUm 

»f  the  sonorous  wave  and  the  intensity  tiot 

pp-covrTinK  tin?  walls  of  ill  •  ond,  «t 

•  U  ihe  observations  that  Mid  <  *  an  eppor 

»*in  *x  us  to  study 
we  that  mit;ht  be  exited  on  the  tcoustjc  state  ol  the  room  by  omesb 

in  tfp 

otar  put  of  the  room:  *1  *vcr>cc  of  apcrtwts,  tbcsr  sioxuxa, 

ihe  nature  And  resistance  of  their  cadosing  side*,  and,  maty,  of  the  nirarirn. 

01  .     Hut  ihe  greater  portion  of  these  tftvectigarJaofi  ee-^d  be  oudc  atsw 

mfthlg  «rx|Ktiv,*,  *incC  w*  «h 
which  would  enable  us  always  to  *>•  h  ■  room  nod  not  aperowrx* 

if  wch  an-''1  *     '         ■  >■  ■ 

I    -lull    pi  ml  nut  n!  < 

•  •t»eii  a  number  oi  experiments  to  h.  reflection,  pro4aord  s*fc 

ii 
»n  which  should  acisl  bctwot  ;fci»«eaW 

■  ■ngth  of  the  sonorous  u  finally,  r  i  *  satfSom 

dei  of  making  felt  all  the  importance  r*ul 

Ix.ih  in  -i  --'i cm iik  and  practical  poiM  of  ricv.     Perhaps-  I  thai 
to  rcjr^ct  not  baring  said  bbov  ermj  mcaoinc  perfectly 

ha*v  already  advanced  far  beyond  m< 

Hcio  M.  Hftrtoye eon.  I  rit  rraaarVa,  srttsft 

he  modest  t  bur  nee* 

■  i»iicuw.  i  ut  the  cx4]ui>*r  wp» 

sound  i:.  pro  itc  nheaiMA  of  the 

would  l>r  eipceteri  thai  a* 

dium  no  sound  vtfo 

pie  cipcnmt-  Imj  a  bell   *ith  ceru 

:»r  cttwbction  of  ioscd  bt  uU 
conductors)  in  n  vacun' 

M  itfa  .    v«fv  few  t!ti:iWr«e\ 

which  m  heir  way  (V«  ©u*i    ' 

ttsroogb  the  points  of  s'  of  tto  bA 

bound  ■  "ved  bw  iWr  |r         i 

. 

!  .      .  .,„ 

du  is  and  C'  .>jts.  dm* 

be  Mrroundod  wil 

•  irojew  pa  presents  a  renuiL 
thi>  respect.  ■»  •    soufsa'i 

enveloped*  i.      .   -mdmtfci 

Tfo  Belt  i/Mi-r/f  or  rung  less  jr  J  l-v 

.  :,!ixl   In 


^  a  bod  conductor  oi  sound.     It  is  usur. 

iroffcn 
I    but  there  arc  ti  u 
«*tiich  uil)  alfcct  tins  bus,  and  cause  It  to  cmfl  itu.  I 
tut  in  tin 

i  reived 

mch,  and  js    to  bu  >mc  sadly 

I  Im*  il  miiuI 
I   .  . 
R    .scull!  lOggi 
n.itli  r.  IhCTC    ui    few 
:  ni,  wind  and  orjan  |  thai  can 

locations*  oomrrranii  eclvestothl  A  regular 

erf  experiments  wi'.ii  !■»  play 

HUMtion,  and  El  pi  i*'ie> 

I  <rn»  aad  «ill  r»j>.T 

.  scl  up,  I 

[hi    iMckvuf  IgVIlM  wbi 

Leaning, 

n»jisci  u-!  ic-  .iir.  jiiv  »  oi  Mom 

upon  Lho  urna 

■  the  mechanism 
ise  fc^ftUi  .it  wlin-li  .-.  ,ulw  ihcmtclvc*  I 


1  bends  ariacw*d  to 'he  wires  c."   Oftl]   EU  ur.and  yet. 

h     «pr*- 
:*c  (hey  m  |  bodily  froe 

loewofi  I-.- 

Tt.-rci*   .  ■  w.-l!  adapted  to  ihow  Ihi 

»ib*  i:  as  certain  flames,  such  as 

I  ctt. 

:  »<■.  ember,  il 

kruu  even  te  was  produced 

tapering  gas-A.  «*»  tinjculiriy  affected,  the  flame 

a  funded     Th«  ob*cr 
•  ■-,  th-;  result  of  which  his  been  : 
om  ol*  success  for  oblaininj;  nam. 


Somr  month*  after  the  above  objer.  .dill  took  up  Ac  auV 

t.  irxittj*  j-imI   inipOrUn 

i  phenomenon  in  a  Lecture  delivered  it  the  h  e*** 

cure  the  discovery  *. 
£ncn  to  tacqucx.!!-  ;-jc«d  a 

<ly  flair**,  1ml  all  K» 
'**c  10  sound     the  trad  of  the  c-*(  beinj;  varjudb* 

■ 

Tta  •(     ih)  m  ;  *t  cenwit 

»*cf • 

words  independently  discovered  by  1  t.        . iouj;  .cca»* 

WO*  t:  ■  QCUKttol  k-['.  Ill  A!,  |  'OlboflOft 

■q  oVetkfl 

rounds  of  '.heir  work;  and  m  med  tbe  lcav*lfc£ 

:i>n  hw  been  01  I  >vc  commonly  observed. 

ieetorrr  »ko»ri 
■ 
which,  uro  <1  ti  i 

OUl    Ii.bj;    tonjpir*.  nf  firr  u 

by  ur^inj;  the  RAi  t eased  prcs*  •»■** 

sory  to  obtain  the  more  lensitivc  !! 
direct)).    A  jet  of  k'»v  inning 

o  sound  until  tlie  ti.imc  reached  *  hcicht  of  toor  iaincbc*,tf4 
:d  of  certain  !..  ,  the  (lame  shortened  and  :pco»4*« 

nape    W 
anoihrr  the  cft>ct*v3<\rry  marked,  ipoaaw- 

the  iUme  v  fvcaap 

"Tli    prol  ibl  ■  nftiiivrn 

fchu  «a  in  I  ■  ;«inr.  »  rr» 

■     mouth  -it"  .;    irjje  *  caeli  fc« 

driven  wic,  m  the  rairoir  cxtrrr. 

anguished  Mm  n  ;  thu  pi  n  o!  jur  i$*i*st  the  j 

rl.iini-.  it 'a.j      '•■■ii  ih.it   the  flfttnc  moved -•  u>i  .-  jrurWiie 

Lhcr  to  the  right  or  !..  I 

former  experiments  it  were  the  impact  Ol  • » 

..I  once  seen  that  when 
une  lime  ilowly  turning  round,  the  flame  sii 

puUcv     Asflj 
to  b> 

According  la  Dr    Tjn.l.li 

a  bo  r  uippirner 

<ooi;  tiime  to  a  re  ■  the  name,  ii  »*>  ptoird  N>  irv»i 

mirror,  being  m  n  stMc  of  rapid  itoehrcnoui  vifar&iion  who  under  tie  «■»- 


.IMUpMlbV- 


s£.rsn 
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f  cTrtrraol  loorxl     The  actual  shrinking  of  II  '0  an 

.  tfccily  of  the  ciirw.t  of  gaa,  ^  possibly  br o 

bf  aa  external  sound  throwing  the  pipe  that  conveys  thc^ss  into  a  state 

<i«o — the 
Im  i»j.xt  i)  :i|{  largely  inuditiur! 


At  tar  nn  Jr.  the 

KhVry  of  tlir  i*  «n  affect***, 

lass  tube  i  ol  an  In  otter,  and 

hblOWCt   Of    tlir     ilMKll'.on 

D  vtfetf  obcaii  La  that  answer  the  purpose  ran 

but  the  pressure  of  the  gas  burnt  must  be  high,  thai  used  being 
"  to  :  icr,  or  about  I  lb.  OB  the  iqu-uv  inch. 

n«of 

tcs  of  the  ivrcn,  the  shaking  of  an 
the  of     violin ;  but 

ti    not  ■ 

the  strcel  lungs 

I 
i  End  w  rimpty  111  b     >n  of 

he  motions  of  the  flame  -ire  antctcd  by  the  kindred  I 
ind  noises,  with  which  they  mil 
no  longer  a  thin  perpendicular  line,  but  a  rude 

:•,  or  in  unison,  or  other  cunous  forms  accord 
the  nature  of  the  combined  movements  of  the  flame  and  tin-  .i:r  set  in 

tiling  of  key*.    It 
appear  from    I  •  that  the  vibration*  «hich  affect  the 

ll> 

r)  iv.'i*  jrin  nt"  ni  reotsing  aach  otfi 
ng  currents  ..I  ■■ 
^^HtCta  Same  can  ailcct  another,  and  alter  itr.  I  i  us.  it 


!■  }|     .:'... 


as  in  the 

noise  repeated  a  given  number  of  times  — •  ill  have  a  proper  musical 
k,  a  snap,  a  !►■  rash,  an  »  nbllng,  may  be 

Et  w£U  be  found  that  it  it  quite  possible  to 
dcnMAftratc  that  some  of  these  noises  may  be  con%-erted  by  constant  k. 

-irged  *yrcn,  hiiin;;  iu  largi   )>  I 
''.;  plate  «itti  -■  -       ded 

rooJ  "--t  La   cabin  ttarre  of  twain  Cd 

•<:e  is  connected  with  powerful  bellows,  the  first  noise 

i ;  wind    U:  rnntcly  oca  ping  und  cut  off;  and  as  the 

revolving  ptate  is  gradually  rai     ..  On  i    changed  toa 

acrtes  o  ids,  rising  m  the  scale  according  to  the  force  used  to 

impel  t>  ut. 

Tbr  ,'  ted  bevju* 

i  theU  'die  neir  il  ■  i 

(bcliii  > gmr  tounds  under  u 

»tcd  wuh.  *vj  ,\en  AwAit^  V 
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<qu*J 

number  oi  aperture  v  d  perpend  i 

Appealed!  clover  place. so  ci» 

Ihc  other,  a  fl'cntf  ftgw 

*hich  i Jim  Ktts  <r*tWre»  by  \». 

wind  escaj' 

ihc-  Ixllcf  hoc*  rournl  oner  ihe  o 
k-ii  mi  *mnlKT  wh  i*  bock  are  p*n 


:-*s^ 


4 


■ 


v 


Pt<  t.  t^.  -  TO*  tmtmgtd  SyrtM, 

fvt  ftoiiitt  M»"t«*t1.  ;.if*  m#<,  ****)*  ] 


iMOBftfltft. 


i  y>     Tar  .V«y*  *«•*  AfltffPft 

needles,  v  r  numbered  dkils,  Kfee  tho«  of  jr.. 

number  of  revolutions  per  sco- 
nce* It** 
i.i-.Ii.k'.                        tdiet  cate^  *»ttj**  pr»» 

i>d  wt  tar*  * 
■ 

.  i::igtlt.  Iikr  VMlirof  Iht  Th  - 

him  mad  ■)  icrveaMUi 

Slip' 

I 

!  would  '  '*  w*tayw*\W  ^«  » 


SVfiJiX. 


m 


ha-  n  i.J1bxii>-U.j'v  i  by  ixngivrt  ia8vib«a- 

s  per  seeond  for  iKc  note  «  d  </<>■     The  *rr 

■able,  U  li  the  number  of  Impulses  per  sc 

m^urcd  to  prwdwr  any  gft  mI  ifaui  it  i>  fcnmd  !>\  .1  (.<.'1  • 

rmth  thai  ihe  seven  notes  of  the  ;iinu:.  COBUH  t  ik<|>t»l  note 

of  the  b  ■■ » : 

C,     I>o  128  vibrations  per  second. 

Ii     Re  144 
160 

r,     Fa  i?o 

1  1  -         .  i'^ 

A.     U         ...  214 

U,    Si  340 

T 


Aiili.ii  index  C«  or  CVwC>j 

nhilu  tl  ued  a* —  1, — a, — 3 

Tl»r»r  tvc 

inricx  hniil  .iln  .itly 

•J  ipeuracii  consists  of  a  string  or  wire  stretched  by  weights 

each  end; 

ridsr,  nnd,  *;ii"iK»sJn(;  this  to  be  placed  01  a  di 
( the  whi- 
ch hut  wn  .ibra- 
■     tigurr. 

1  be  motion  li    In  >'.i  *raV  or  o. 

edited    *+*L"'  l  k,  '«:iil.l    1  In-   ;)..:.  'X   I  In     fitting  >*«TJ 

■ 
I  /red  by  placing  piece*  ©I  papa,  cut  like  an  in»rrto'j  \ 

the  •be*-i  I  iti  the  b 

points,  but  arc  thrown  off  HI  laments 

The  pU:c-.  on  which  ore  produced,  by  vibration,  the  figures  called  Chi 

d  ncmbrflftet,  Dreaent  the  sun  .and 

■ 
and  other  pi:'  rfch  the  sand  is  set  io;o  vibration  and  shaken  off. 

ITlir  : 
.11  thi  ■  >->•  .:     .    .  lounr- 

tedgan-  , 
.     I.  oUfcOl   b)   i     I;     ' 
repeated,  anin  reprodtxo  I   -.even  earl 

scrJch.1i  *»av  Ft*,  thai  cao  be  estimated  by  numbers, 

TaJun. 
string  •     *  v. if  il  "■  t;i 

wave  mould  be  i.oit  ft.:  if  n  mode  ihrt*  u  in  the  some  F«rwd,  the 

t«K^h  (f024-fr-t- 

I:  I- 'vbeesiobwrrcc  <  c-cpcstbissnof 

•  KliKerl  b>   uS 
in  irtirtf4. 


■ 

the  lei* 
per  Sc 


<* 


Hfcvii  vooctfcm.  . -xbU  u-- 

vibrations  per  wond,  C_ ..  and  the  hirbcu,  C.. 

length  of  the  w»vcs  0/  the  mtcrrnecadie  acaks  i 
ic  first  £1  :  acccssive  c^mtiu. 

u.w«tt  «wad  the  hnoBin  car  coofe) 
nod  md  th«  highest  of  48/300  nb*.. 

I  the  deepest  and  mos*  acute  iuui< 
■ 
Dr.  ii  stated  that  wc  arc  sensible  of  nbraiory  nodon  unill  II  *■ 

ucrnor.  which  may  be  fell  and  oca  almost  canard, 

Ml  1  hit,  though  ;H'i».m  it  may  a*tta 

heard  by  another. 

ilaston  mentioned  the  case  of  a  friend  of  his,  whose  power  of  bean*, 

,  did  not  pcimit  bin  .hirpieg  n 

1  rtv 

thai 

■■The  »U  :<i  local  wan!  nfj*rCr»> 

i'<>'  menl  o»  tliiiw 

with  1  ftcnea  <-■!  until  pipes,  among  screraJ  p  -,bci  ir^mt* 

11  rdasouad  ajyyoaedtoW 
obout  aixoctnvc*  above  the  middle  I  ■  ■-«  hcarnfli 

but  some  persons  could  not   hear  that,  and  others  could  In 
whole  range  of  hum&n  hearing  btuwcvi.  .it  notes   i  tn«   :rfl^^| 

the  h  to    >an,  It  mppcud  to  b 

nds  not  JudjbJe  to  otfae* 
leaal  oui   tittle  diiTerwiCi  <>r  ltumui   En  ,A  i> 

imputed" 

•eak  of  a  trmn't  ions 
-  ■ 
A  *h        .  1  I  in  rcgvl  regular  aatcrral;,  11  t«mr* 

round  fast  or  slow,  and  whilst  revolving  a  strong  blast  of  ±j  is  bl  j*ii  ■  l*t*A 
the  hole*  by  the  mouth  with  a  flexible  lube  and  n  try  moutfef. 

iterating  to  mark  the  rise  of  the  not 
the  holes  increases  or  decreases,  discoverable  by  moving  th- 
■  the  centre.     The   Mlo* 

nttnuntnt; 
di*   '•  r  '  holes,  nppui  ttune*.5. 

■ 

; 
I  oj  •  *i-i  j.  '.  "t>:of,  frodi 

there  are  three  ;;i  r.  1 .  m  rl,  Fmir  i»  il 

he  stTcruh.  twtfre  in  the  • 
the  tenth,  twciii 
In  the  thirteenth,  fiirty-eight  '«  the  foe 

ith.      If  with  1    blow  ;nt» 

J*  rapid  rotation,  a  series  of  musical  notes  will  be  obtain- 

ren  'Aw  Ti-.-m'ic-^    Looking  xt  torn  colM 

.ft  otacTVcA  raduMX^Uwfc'JMtt^r' 


THE  SYREN. 


Wft.— Afrw  Form  «f  tyrrn,  Mfll  &y  /  .• 

»C  into  1wmty»l&wr  ecpKil  part*,  the  other  ho)M  were  popped, 

pf  Uks'  ukl  pmdu  li  row 

toner  *c?k»     *    '    *  U  the  ha 

UM  a  point  Ik  t  i.        .-     i  •  „      sternal  nnffs,  and,  i  ■  with 

p»t«  repeal  ihu  di  he  ftrtt  iri<> 

pond  with  four  of  tin  fui  boeflj  and  if 

holes  \«hii\i  ihi  .  »i.iiinf;.  ilir 

omd  will  be  precise  f  the  o  icp  n  ui 

lOCtfxki:  K  ■»  fuiwl:iinrnl-.l  .uul  i(.  third,   the 

:  ii  the 

I      iinl     ::-    I     mi(1         ui 

8'!ii(iu 
t  fourth  row,  divided  a*  5  :  3,  ffives  il  fundamental  and  it?  nxth ;  the 
.1  hUl   -.ml   fltt     <  .,  nlh;  thf 

proportion  of  6  ;  5  :  4     i     ibii  fffll 
»ct  chord  of  four  nov  bin    hole* ►  in  th«  pn 

$:  6  -  \     ;      r li  1 

:>  row  is  divided  in  the  propon 

lost  row  ii  the  i»"S" 

uii  111  the  mo«  elegant 

1  !in  ik  1.  :nd  in  the  otcUj 

il  with  ji  small 
id  15  made,  the  break.  1  1  .  hommtAtt 

r   pulr,  w  i,  M^wwA 

ing  to  an  wya\t  va>«.^  « 


«s 


ACOUSTICS. 


....  .i 

tacts  pei  mx oiid     Ruia  a  hamrocsiag  -ntftod 

... 

i 
"i 

its,  bluebottles,  &c,  a-n1  Ba> 

aw  u 

.  ; 
ili  II  inL-vhjnj»ai.  pi  t j 

I 
I 

I. 

tnd  lurtker  oitaad 

h.  tJiui.n-ulli,  PtCfc 


Fio.4^1.— . 


■■■'.:' 

,. 

<;:t,  rtndi  •   ■  

that  wiU  bi 

ipothue  with  the  1 
•bum  t; 

■  -J  iudt  tapi    ■ 

:  succession. 

h 

I  kf«a    that  T.-bt-n  the  'Wnt   itK) 

a  Ac  At- 

this  !i    ..  .    , 

,  and*  si!  burning  n  i i&a-i  giaaa  babes' 

pladr.  |>  of  the?'  toad  c^^H 

novil  mt'  ument  could  V. 


. 


■  inrlj' 

I,    11:1 
■',,.*■    .      .,.:..  v.    it    ■•..!         .     M 

i<  w,       .nyndinc  it 

■       :i     IOfL      IIV 
I   ..  i  :  <'  him 

KB**  burner  »in. 

i   a    n 

1   wilti 

■ 
■ 

smic  pitch.    Thb  point 

■ 

:ube*. 

■   ■  i 
ed,  due 

■ 

U\»  ■ ..  ,.f 
obtn  in  .1  from  twv 

rlj  m 
oi   these   tuning  lorkx, 

■ 

■ 

■mid  be  heart,  but  br 

rounti 

i 
I  D  thut  1k- 

.  ill.    itringi  od   •  p 

.  . 

icrtpt  and 

■ 

:  the  lube 
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iwonant  jar.  the  (lime  insu  u 
effect  wu  i  \ «.-.---••      Kr,^«-i^* 

■  ■ 

■■ 

!il  bead  %cch  a  linn 
in  training  th< 

imvnM  tbcp* 

■ 

irjjan  pipe  was  IS  *-rn  lencth,  and  anil  »c  deep  tacsd  irfeiau 

id  burnci  ier  the  w«nirw 

with  th  ■  likb  re* 

the  to.  il  |  "Mbrfcst* 

mm        !,,■  .  ...  mtl, 

'I   III     U    .:;  .    •     . 

n*<3- 

tral  segment  .i-nl  i  ■»!  *l  |«>  nt-.  rli     I 

I        'm     ||(/    .i: 

*rul*t  the  cooler  parts  of  the  pipe  mi  •    srsaaattv 

jt^jiiit:  fenced  that qmcaccaec 

■    ■■ 

i  could  not  be  <•  and.  therrfwv.  »hc  absolute  proof  iW» 

column  of  heated  air  can  divide  itielf  mio  wave*  orate  a  IPcatV  »*■»  * 
thenodal  tolata  dun  tiio  ventral  tt   i 

Mr.  aoparaia 

;;'.-d  for  thi  '  »  wn^ti. 

■•:::;!■         lid    |  If" 
tOp  of  S»Ch  hi br   rr<  :.    lilt    , 

1     ■•  W3.) 
With  thi  ''£*?* 

of  tin;  Poi .  simple  tunes,  to  the  tfrcftt  adnxsratiw  awl  Jr 

.  of  the  youthful  spectntoi  . 
It  has  already  been  ri:niarl*-d  that  the  fa*  flame*  uV>  not  jive  out 
,  except  thi  n  dfd  with  » tube  made  of  . 

Other  convenient  substance      Th<.  •  unping  up  ino  oWa, 

tingle  -I  h*s  bee*  a*.  > 

Tl»r  whirr  I*  im  iimli 
1  ihe  com  ■  il  ipJ 

pUee,  I  (  trtrrtt  »fti 

n 
downwards  to  the  jc:     here  are  a  scries  of  impulses,  an  up-and  ■ 
;■ 

md  this,  by  resonance,  prc-iv-ec*  iim  wpma 
If  an  Argii nd  burner  be  used,  the  flan  :         diSereai. 

iduced.thefU 
- 

••r  paw.)  up  the  centre  of  tfec  Ar^and  ti 

iW  Annc:l 

When  teitcd  I  or  hunts'  ci  light  w  eaatim 

arc  no  breaks  a>  mi :.  i.  flame  *«tc.iuk  that  i»prevmtcd  by  tikt\ 


5<» 


ACOC'ST/CS, 


eurrcni  ic  writer  used  a  single  jti  • 

Ik-  I)i  til    iluwn  In  .niv  .nij.;!<-  In  llic  |'  Culai  with  lb      tl  ■nfO«*dfl{fc 

i    a  after  i*decrcuc4. 

hi  i    l  £cr°  It  stopped  and      i.     .1  i  .      .  ibe  was  tkonaauL 

ihr  i!                 night  he  expected    itcip|»<il  ting  tin       .  d  ■  '    >.:  totk 

Upper  i  lube.  The  reader  will,  not.  i^ram 
from  J'  arnda/s  own  paper* 

"Os  the  Sounds  mi  »di  cbd  n  i 

i     m.  Faraday,  Chemical  Assistant  tn  the  Kovxl  Institution. 
[gy  ii,  iSiS.* 

'■  I  here  is  an  experiment  usuaII)  unoc  m  illustration  of  Ok  propr 
hydrogen  ,;ax,  which  w*     ir»t  •■  Dr.  H:  .  77.  *nd  »  *><» 

pi  ■    11        In  burning  .1  j^  nf  hyalt 
■  t  with  ill'-'  d!  unci  :i .  the  ihicknc**, 
■fiance  of  tin*  tab*  01  jar,  and  al*u  with  the  charujes  ol  lb  ftci  Dr. 

Hiojins,  Hi  11  ■•ii.iirlli.    11  It.ily.  .iiiil  Mi    I'ii   cl,  .it  I  .:«*pe> 

riment.  2nd  the  <  lu<  <<1  In  isttion  of  the  jet  artfi 

.Hid  M.  de  la  Kivr  n-.id  .1  p.ijH-1    .1  Citncvu     1   \  iich  he  Accounted  fee  the 
men*  by  the  ito  ■  u«picou»  vxatea*. 

Dun  iIk  v  ire  not  owing  to  aqueous  vapour,  from  eome  cxpcTtrnenu  «e  br 

dacrlbod,  1  have  no  doubt;  ftey  irtcauscd  by  vibmr  n        mi*r  oth*te 

bed  by  M.  do  la    Wvt,  li  it  'i  in  a  differrat 

id  may  result  from  the  .tenon  of  anviLm  nduoed  to  nuke 

a  tow  experiment  on  1                       [Thai  ■■■ere  a«  owing  to a*r 

u   [on  m  squtoui  vapour*  m     town    y    h  Uii  above  *ir. 


md  v  II  more  evident!)  b  -iceeeded 

them  (*    in    1  j<  :  nl  t   Ar.i  nil  i;.iv      I  h;  in, tie  by  *i 

Cub  bi    current  of  »ir  p«s  *aa  aboarn  1 

GRlcked  RUiss  tubes     tubes  wrapped  in  cloth;  and  I  have  obtained  very  fie* 
sound;,  by  be  formed  ai  ihcotomeni  b  p  half  a  sheet  «r" 

CUtrid^c  paper,  and  keeping  it  in  form  by  |  in  the  Fund. 

bn  explained  the  nature  of  Mame  perfectly,  aod  has  sboa* 

1  .1  combination  of  the  clcmeni    of  explosive  atmo&phcreL.   I 

>i  i  jei  of  :■ 1 -,  thu  comb 

and  iviihimt  noise  aa  rh»*  explosive  mixture  is  made.     In  «fcixt  1$  proyrHj 

r  til  .  1  an  1  ■  ;'!"■•  on  .ili-  combination     ikrx  pai  1   1    oo<     i!no«gl*aac  acoa- 

[uanticy  ol  mixture,  mnd  tnund  result*  from  ihr  mrcb-iniral  fines 

-»ineth*j*ef 

pcarnnce of  Both.     Now.  this  !  bdicse  to  fc  ..nalorrms  taw 

'hich  takes  place  m  wliai  have  been  called  the  singing  tubes,  bat  m  likf* 

"C  generally  more  minute  ind  more  rapid.     By  pUcioftbe 

ml).-,  j  itronc  current-:.!    iu  ia  il.icnmned  up  It,  wruch  eaveafcc* 

1I1    il  une  on  every  side.     The  current  is  axis  of  thctetrtaas 

ides  and  th<  potioaa 

-(the tube.  Anadditwaal 

1  ::t(l    i%   |-r<"    iced   b)   iho  ni|pc  ■  >bMruvtini{   the  air  v*H 
IK  •  flame*  and,  nrqgaaf 


• 


i    ■  »dlag  mix- 



only  ihi  '  ai*rnl 

<!  in 

BteSllhc  sound  boo  -and  mm  red 

: 

"Th-v  iru*  ftimc  pm  sound  in  consequence  of  explosions  con 

i  .■;...  ■ 

with  a  tow  ■ 

«lu=K<cr  oi  i  lude  It. 

will  Ik-  itnw  lletl    :|»>:i  (be  cx\  in  il  ptul  "f  ill.-  ll.inn-.  ||  m  il! 

linn  i  III  H  I  hnl   pari    >f  ihi 

*    1(|,       ,      Ml||   | 

obtain    i  '  it  .  all  n.  .<■    pi  ■>■   i  t ii 

.    ...      .... 

■  ii!'.   it  nbotit  (ire otf  lb  men**,  anil  j  cleat  nuatei 

be  oli'    n  -I 
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Ro-x-jr  of  Sound  by  the  air  1 

• :    • 

'  sound  rr< 
its*  such  m  the  ■ 


it  a  feeble 

■. 

MtJ.  nil     l:na:!l}*   lif   *fei.li    I; 

ucjjui 

■  i'mI  ■  »*i- 

wmc  iTcmblin^  condition  as  i  two  »ymp> 

:-i  the  b 

... 
rrlicn  the  mouth  ;■!  the  c, Under  iraca  tx*t  J- 

Ii  i.  _vt  of  am  fcfri 

or   brvwll! 

potc. 

'     ! 

.    ■ 

bnl    ii   held  iiu-:  tfic  tMdc  bo 
and  is  loud  enough  to  brhcMd* 

W  tc  »  mounted  om  a  box,  the  km  no!  «si  * 

much  Icudcr.  tn  consequence  01  the  rwc«uncc  of  the  hollow  box. 


T*fcrn-forfc  fool  «o  »  be*,  if  li<W.  « o-taw  umm  U ,  ».  d*t*t 


ii  used  for  musical  purposes  bee*. 

h.     I:  I:. i 

. 

Illll  the  i\t 

in  Lon 


A  /t;  ECT. 


■ 

ic  tound  pi  xli  i    il  by  i  •■ '"li 

ihc,  "  v.  In.!.  i;i  found  m  [I 
o  m***  of  which  produce  p  vcrr  loud  ir  ical  sound 

ng  together  ihc  over lapping  edges  of  their  wing-cases.    The  not*  . 

can  •■•'•  pro 

■ 

■  ic     ■■  II  lbl< 

•  !■...:.  h    i!i   r  ititli  Uttli  nut.     It  »iv:ii\  tu  be  I 

Hf>blHlQrblK«i        Wl  H      tin.    L.«  .  [i    ii    .11    «  Wti  l  .-imi'L 

... 
nr  iwn  i].i»>  and  ih 
in  the  m  Alien  it  died,  he  gave  nic  the 

eteoea»  the  only  om 

..  ,;ro\i|>  i:  ! 

i  and  the  grawhopi  e).     The  total  length  of 

i  i  qiuna  .ue  clascu 

.  ui  tli--  y:  cii .  of  tlit  ihiu 

firm  ""i  <i"  The 

duces  its  musk  i*  cani  iiisly  > 
ihe  wing-cases,    tn  each  *nx%  i  zd\tv, 

v%  a  horn]  i  i   i"        i.j n     ■  in 

•ii  the  othei.  *nd  il»c  »hony  in  -■%  ihc 

crusted  b>  .i  number  ol   noi  like 

1  T3p»dl> 

I  sharply  SCTOM  the  bctnry  Baaigin  of  the  other,  thui  producing 
■    -mo(- cites   ami  the  : 
ta  give  i.     ■  .  I  h<  projecting 

iscs  are  traversed  rvurt;  but 

■ 

tdongshave  liiniUr 

tfiduUtf!    COgUS,   hi   !    ill    .r.'ii   ■  ■    :!: 

ui  the  in  ■   having  iH  at  \\w 

iTij       i     I    \\r  (wi-n    ii  utlior*  Wjtl 

Baa  *.:*  i 

1  i  rope  the  male  has  been  observed  to  place 
.n  th..-  crcain&  at  th  •»  to< 

■'  :  •■  a  men      Mtducd  tone, 
.n  caresses  with  his  antenna-  the  mate  he  hts  won. 
newti"'  mole  may  observe  a  slmilai   pro  In  the 

iclcet.     TV 

i  it  i* 
h  i'f  i!:«-  *lli«*(i  lain  Hie*  mha\      i  k   itiuncd     ' 
■ 
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fastrametf     In  thu  ban 

■   h     ih<  i  idcrabJc  i  •  ■ 

imc  member*  hare  ;. 

tlfcp,  etc*  ■•-nt  ncwr  '.:ic  r  '&* 

■    ,  i      ■         ■  itjj 

•ipcirefil  plate. 

■•  In  \\w  ^rav 

mf  ! 

! 

ol  rtilh  an  imfraoit  i 

i  the  males  of  ibe  - 
. 

u  .  in.  ■        -t\  t  the  iftsenk«  v 

tKi^Ii.,  being    td  ipced  to  *ivc  re»on  I     the  none*.* 


I 


'.  I  IB  \  i  ION       0  kl? 

COM  HNS   "i    AIK. 

ThcuinrHvi.  tnoncofn  itrt 

fl  amii-  ii. il    n  I.ATpSKhi'M-  fi."     I'-c^fl^^H 

■  iphu  il. 
xnunicntctl  by  ;i  «Lbfc 

'■»rc.  necessary  to  connect  the  i  trine,  with  a  sour.l.c  ■  bo*ttf .  *■!  *•• 

n  that  p  if 
i   iic      .  \V  i.  n 

fag-bard. 

Then 

!.    t.(ifi|:ttur1in.«l,nr  lliinr  w-Iik  '*  iftC^^H 

II       I      in*  ■  ■  •  i  . 

In  the  explanation  of  the  mono-:!         i    .  ■  imd 

M  ribi  ittofu  «hich  belong  to  the  Utiicr 

I.  The  stretching  power  beinj!  t«.usr.* 

nambei  ond.oi   in< 

finpnrii  ;!h. 

c  number  of  -  !  the  u?: 

■ 
||  I    Tin    rntfl  of  vibration  h     lircctly  .**  ihr  tnuarv  root  of  the  wrt£r«l 

i  the  string  i*  invrr^  mi)  K  l* 

iqUArC  root  I 

In  a  »cri  -^madc  of  vai 

as  caigui.  Keel  .  string,  dec.,  ore  used,  the  nutr.bet  - 

•>.<of|fcr 

Thr  i!  veRme 

■ 

-mJ   kit  bee*  ljr* 


VIBRATION  OF  STRINGS 
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It  on  the  UnduUtory  Theory  of  I-iftlti 

•  ttd  ; 
**lt  followi,"  lays  Marloyc.  "that  -ix  the  trantverie  %  I"  Lttooi  ol  ■ 
arc  ,n  -!  neten  and  in  Ac  loverac  ratio  ol  then 

^n--  h    number  uf  vibrations  made  by  a  given  itrirur,  thi»  stim  ■ 

c,„  1  determine  the  nurnrwi  nl  vibration*  of  any  taunt:  1.  it  it 

oc  Mrct,  .     .      .  menti  unci  w  ■  ■>>•  thence  easily  deduce  the 

numb  1  -if  »lbi  itioni  wiiic'i  any  portion  ol  this  string  ought  I"  perform. 


447-—  Offit  ■((',  HJttti ttjrpi-  ■■■.•/;  im  aiwrfnunt 9/ 

'This  1  is  provided  with  three  divided  niles.     The  first  g*»cs  the 

■   I  1 1 iniic  ;.■ '  ;  '  w   1  •  ond   [hn     In  mi  1    ind 

tin*  ruuenotui   oiviM  ini  eJ  the  fttring;  and  'In-  Ihird  iaa  French  «<*//*- 
iut  3  It.  3  m.i,  divided  tnto-p^  parts  of  its  length  from  end  to  end.    \\  Itn 

ih-  1     1-   hi. 1  Marloyi   M -fork,  wc  •:  un  1  on  >  ribra- 

1:1;.  viimti  whatevi  thai   i  RunutCj  b)  referring  to  1  in   tabic 

wh  iic»  the  apparatus  • 

M  To  verily  the  law  of  tensions  with  this  instrument,  wc  stretch  a  itrrafl  «ii!i 

.   ;  thm,  hy  meant  of  tuning-peg*  ait.n::u-il  to  :  ;.  irtttru- 

nacnt.  wc  stretch  0  second  string    which  we  bring  into  unison  with  the  hrst ; 

wc  then  reduce  b  irths  the  wcighi  .  :o  the  lirat  suing,  and  wc 

in  .1  with  that  of  theetring  which  li  Axed. 
■  For  th-  tion  of  the  law  of  dwcn  Itrt.  ivi  comport  alternately  the 

aouti-1  •■*      m  1  is  known  with  dial  of  the  I  g,  which 

•*•*  lirinu  into  unison  with  una  of  them.     We  pro  in  the  tame  woy 

rol but  for  that  of  lengths,  is  fo<  utbi  ■  eep  runen 

only  make  use  ol  ih  ■■  n  ■.•■<'      1  nu    to  which  we  then  -tv.  the  degree  of  tension 
adajitrd  to  in  do  M    aund  u  well  m  poeaibli 

>l.oNi;mjniNAi.  VitiRATtoN:;  or  STMMOC- 
"  In  ttrfngi  of  the  tame  substance,  which  vibraic  longitudinally,  the  numbers 
of  vibr  in  the  inverse  ratios  of  th  u  whatever  may  o- 

ion.    Nevertheless,  in  taking  the  half  od  Ihi   itrtn 
■  1  less  than  the  octave  ol  theentlre  string;  ana  th 
dently  ieowioB  i"  ihe  itring  vibrating  between  two  ionnovabto  potntaj  although 
uhor  1  nannonii  founds  the  octavi 

itui  for  demonstrating  the  law*  ol  longitudnml  «ntn 
■bring*  of  metal,  am    0   k     exr*    imenh    it  made  of  maho 


5<* 


pan  I  in    :<• 

• 
.     .. 

..-itfi  yich  ■■L.n  f'uBtfwn 

j  rcf)  i«j-    kound  b)  ,;cntlyfcr.M  *  I .  .;htt*«a4i4 

«  bow.    As  in  1  idcd  trio  j-£. 

ero  hci;^;*,  *'>'!   rlic  *ti"ii 

-Jnfc 

■     ■ 

In  [benmcD  iifcclnrast 

.    .■ 

■ 

.uul  of  <li 

lull";    »\tC   i 

Main 

considered  a 

no: 

.....  I 

ild   appear  curio* 
loy»,  "to   wow 
that  a  hollow  tube  sound' 
lull,  lu 

tvhen  the  aJJoy  is  scaaiblv  iSe  s^ 

thus,  i' 

than  the  ro< 

or  diameter,  it  sonids  prcfif  «■» 
ly  at  if  u  n 
"T  it  ■■umm» 

pOW-il    i*t~  A  tUDil,  •.  i     • 

■ 

:■«... ,il 

are   implani' 

lon^ev 

of  white  rodi  Conns  the  «1i  *i»n*^^H 

u  half-*:. 
K*mut  wd  re*  ' 

ntwtby  «d  f*-'1 
■Thi 

binje  ih: 


.'-v. 


Ay/j  Httmmtnt 


r*V*  LaK/>il*£iK*l  Vibrtli*  sis.    \wt.,  y*M\ 


VIB&ATLVG   PLATES. 
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hand*  of  >ny  jxt- 

VtliRATivr,   I 

■ 

imV  ic  direct  ratio  In  tLc 

The  -mon«rating  the  law*  of  vibrations  of  vibrating   1 

p  474)  is  composed  a<  »  table  surmounted  l>, 
three  round  and  three  square.    la  th<  act  of  uh 

id  two  whn»e  surfr  I     1 

l«  already  been  .  ±t±  .  m  the  cxpet 

S*. 
or  .*iiy   other 

1  tube  op 

IXil  i  T      - ■    ■ 

tun  wtili  in  u[  luhfttani 

»•:  circular  plates  arc  ill  titled  lor  c&pcnments  on  the  rotation  of  lyco 
:■ 

we  *ct  on  Ons  pfaue  with  a  bow  at  the  extremity  of  two  of  these  sues,  or  be- 
tween two  axes,  the  fundamental  note  that  it  will  yfeld  IN  D  dlffcl  fa  each  cat©, 

1  for  demonstrating  that  the  rota' 

■      1  mi  the  nodal 

lam  ■  1 

menl  in  question   w<  the  two  tubes  to  th 

corresponding  to  the  note  we  *lah  to  the  plate  with 

Ho  i  :nd  when   the  fcmnd    i»  well  suMm/io!. 

podtum  turns  rapidl).  we  bring  the  tube  orer  the  pin:-        1 
bellr,  or  ventral  segment,  01  Lei  the  tube  mat 

•Ob-.  114  to  Om  n 

bw  subsequently  beeome  slon-  if  wa  cease  to  ad  on  the  plat*  with 
evoTtltcless,  it  often  happens  that,  long  after  the  lycopodium  is  at  ret*,  we 
Jwuj  w*w  With  no  p  1 .  ".  the 

TftAMSVtUK  d  Rods. 

•en  of  vibrations  are  m  the  inverse 
viwi  Kiinttw  -...,(  their  thJchaewe*. 

■  u  thcii  breadth. 

.  there  ts  an  Instrument  used  by  wage* 
call,  wtucb  the  savoffes.  make  of  b 

wood,  ami  th  a  Mick  of  hold  wood, 

de-.i  .1  colored  with  leather,  to 

. 

id   even   v.  ry  Ajrrr*hlr 
ui«r  th  il  1>I  ides,  forming  a  di  iti 

ptarecl  on  with 
ructcdof  p*V||.  ••V>TA^4 


.    which  were  Urge  i 

pai.iii.-i  i. 

form  t»o  i  J' 

hid  tl  ■' 

i  >ndcffel*ccvic? 

i 

I  -it    AlK. 

MM,,],..         i   I 

.  th*i  whrii  i 

•  tl    til  mi     .1  ..  ;i*nir;-  f*** 

I 

■  hen  the  Ufce*  *n  *»?*■  * 
both  ends ,  or  In  the  ordci  of  the  odd  combers,  I,  3,  5,  7.  c- 

;I"i  ■!   .:  ..■».•  .•;.<!.• 

...... 

-  \V  1  ■ 

.tl*.: 

k!  under, 

iritb  n  n  lit  tr*  fl 

'  c  tube  be  tunicd  so  as  to  form  ^ci^H 

Hill*  Ird^^H 
-.'ct  arc  shorts 

1    .     .  ■      ■ 
m  1   •  lour;    tllirdl)     ill  ,  mfatf  «%  Ul  AlOM 

1*  run  i  1  ..   niture  of  tlie  -  \< 

..  I 

■■ 
Of  piti.i-pi,  1..     1  .     .  ,|    ,    ,..      .mlivnifcb* 

that  wc  ma  u  iwi  plft  «.nm»pi 

Tiilla-prrchj. 
"  When  we  roll  1  1  jl  on  *  tiblc,  wc  ob 

elf  during  the  ll 
The  pj 


.  it„i  ti,- 1., 


it<  i»jod.-— i.mi  r,%Jur>  -*w*.«  *  rfc^^w." 


■ 
I  .... •«*!»*•«** 

n 
•ti  «nt-ih-4  or  mo  VWlhW*  flt  *  »a«u 


V*   /«**•,«*•.''.' 


ft*  of  ••  -.hown  in  Ibe  conMruction  of  orcan- 

iiOlUi 

...     .    ■ 

e  air  at  ihc  ends 

•*.  in  ihfuw   iii 

■■■■>  clinic-  \sj  IjIow- 
!  iliii  i  • 

ivefted 
ravto  .  he  rfMmjuine  of  rtit 

: 

Lf>-pipc<h  ig-4>" 

•cc  it* 
Wftf 

ibcM  into  the  chombt  i  is  closed  at  \h> 

■ 
j  .- . 
edge,  J  &,  An. 


l  :   .  45a 


!«■ 

the  i  i  rted  by  the  iwm 

OC0  bctwet*  ibc«lK  ibefcfc'.- 

•d  the  *-»•• 

The  nod-1  pen  m  of  An  onzanf* 

■ 

■ 
nii>i  •  .  II*  or£*n-p ,p<  wisli*' 

ptc.nu  re, 
Hi  ited  in  Stc  peaces,  mo  wt»ch  lobe*  ar*  ca«ttcd;  cfp> 


■ 


im  Org4B;'ukff. 


'■   I'   II ■  ■■■.  i  it  fillet!  ivilh  air,  at  i  n,  it,  MiontW,  i» 

|  .;    -.    ,   .    h\o\ 

liflftt 

■  -  \m:ctt4m 

J>.  spcruncnt  it  ix  of  -.  <  :c»suy  to  I  aiaa* 

1  ainjf  ffas. 

itlfc  *pc*k 

"I.  ire  rffjCwv  i  wean  and  fag* 

produced  pcrj..  i  ly  10  the  plane  of  the  upp 

KBtC  'f  .in,  ^ln    li  bO 
.i'  iny  appat 
l*  the  lotto    Mid  the  currrat  el  »."  aflR 

■  In  »l  i<v«  of  wind  instrument*.  «ich 

I  '.-  rftl 
-Ad  print 
comes  hifc*h<T  actonfens*  as  the  cavity  o!  the  $c  tn»  **■ 

a  in' 

■  'I  !■     • 

m  the  reed  h  double  in  t  J*  I 
■ 

r  xaJ  die  prewuie  of  the  livn." 


harmonium  rccd  i*  a  vibrating  tongue  of  metal,  nnd  by  enclosing 

tn  a  robe  with  k':***  Mdai  iHc  rnvebaniaro  of  the  totue*  of  tba  Rrtiatca]  :iutc  is 

■;tly  teen. 

Willi*  has  shown  that  vowol  "-produc-. 

jartufty  closing  i  eon    il  c*vft)  ew  fted  by  :v  run!  placed  at  iiv  ape*,  i  r   m 


Fig.  452—  A  fo«f. 


lumn  of  sir  in  .1  tube  excited  by  3  reed  at  11*  closed  end,  Ihe  paifj-rular 
vowel  toond   kpmdin  h  of  (he  ti 

llcttcc  with  all  the  so-called  talking  heads  from  the  time  of  Albcnu-   Vtaj 
1  true  ted  the  braicn  head,  which,  it  wa       tld,  had  thi 
talk*1  tied  at  tin-  eomn    1  corneal  "f  thi*  cnaptar  [p.  473,  Fte. 

0  the  present  period!  whi  0  the  AnthropoKlossos  ri.ishcd  upon  the  gidoj 
rJ<l  11!  I   1  do  1  1       lulated  in  tat  ion  of  the  aumaii  ¥1  imply  im« 

ible  to  include  in  the  »p«  mod  to  of    lehwnai  cratiiuiiiortfcpoal 

the  iic<c*tary  apparatut  to  pronounce  the  word*  *uch  j*  I  ■  mine  ma- 

chit  hit!  wlii  li.  ni  1  mrae,  being  an  honest  piece  of  w  ientinc  ■ppa* 

titter))    1 1  i>i  rntirrl     fjiilnl   to  excite  publk   attention  01  to  win  il"' 
jgtifAm  opinion*  of  the  multitude  at  the  1  Hall,  .«!■■       lwui    I  bil  d 

The  writer  ■■  :  ccrely  he  could  find  t  li  -  m/j  of  Hcrr  Kibcr. 

He  can  only  hope  hi  ion  1  ilcad,  but  Mill  live*,  and  will  givi  to  the  world  fto 
him  ungrateful)  those  important  acoustic  and  mechanical  discoveries  w- 
enabled  him  to  Imltai  ■    1    lotcly  the  vocal  organ*  of  man. 


;r: 


EFLECT10N.  REFRACTION.   POLARIZATION.  I N  t  I  R 
D  HARMONY  AND  DISCORD  OF  SOUNDS. 

enlightened  and  honest  reviewer  in  the  u  Kdinburph  Rcvu  1      ifel 
apeak*  of  those  properties  which  an)  rtudcnl  of  WW  eaof  li^ht,  sound,  or  water 
lid  .•'.'"  inuit  prevail  in  all: 
"  I  f  the  vibrations  of  the  air  really  produce  sound  a*  those  of  ctt 
ijt  outfhi  v.  ti  known  p  culi  tritii  1  of  wovi  motion    rei 

tioen  rcfractinn,  interference,  nnd  polarisation.    The  f.imili.u-  phenomeoa  "i 

echoes  prove  th.it  sound     re!  e  tea,  but  n  1  thai  the  refli  ci  d  1 I* 

limtlf  »  [\u--vv     fliehi    1  hi    ioipl  [Ctxperimenttoiihowi  1    I  ip* 

the  following;    Arrange  two  parabolic  mirrors  of  burr- ■■■'■■■  I  mei  ■  '  mtliai  1 

1  In  ii  1  .ivitiv»  Itmlc    1 1  <  ii  !i  .11  hi  1    it  the  two  point!       r\l  '-'"" 

:•!  ••  >  .1  ticking  vi  it.  b  and  the  1  11    Thi  nbaenrci  h 
ili*-  Match  .11  1  disi  1  it  '■  .ii  whi<  Ii  11  rv   nut      mpossftile  *■•  heai  it  without  the 
iTiirr.  r».     A  Iftllc  ntara  tin   w.ii.Ii,  or  11    ittlc  further  from  it  than  this  p< 
pc  i«  absolute  wiener.     A  single  point  ha*  ihu*  been  seta  I<  d 

33 


oini, 


SM 


ACOUSTICS* 


for  a  complicated  effect  of  reflection.  Let  irt  now  replace  the  watch  aft 
bright  point  ol  li^h',  and  theear  by  aahret  >»i  tp*r,    The  image  at  ^e 

mi.    out  bt  .liant  and  well  denned  u  the  very  *pot  where  the  ear  brant 
the  watch    Thelawofti  or  the  two  ease 

'■  In  the  same  practical  txunni  r,  but  with  dilCii  mi  ippamtt*,  tner-efactaa 
bf   .1!!  roved;  tnd  not  only  this,  bol  th  nodn^i 

n  <l  from  varum*  Milid,  fluid,  u  . »y  abo  be  deacf* 

.  ,|  "     [Sc  auticK  on  I  i     i 

ll         in    .uiier  says,  "'ine  analogy  between  light  and  sound  i»  art 
comjilrt    !il!  m  Compare  them  with  rc*j>cet  to  another  chiraeicrisfae  of  win 
atiori.      if  w<  i  retched  bnnrorul  Itriafc 

[>hi(  ked  aside  horuontally  at  one  of  it*  points  and  then  let  loose,  thepowt 
will  continue  to  noi  o  IB  i  horizontal  plane,  and  us  otctlLmng  movement  »t* 
be  transmitted  along  thi   itring  at  a  certain  rata,    .v  c«»«i 

takes  up  the  m  n  the  taunt  <d  pi*.T*e  throcgV  tic 

•n  *  ill  be  definite. 

BU    the   hiring    Ik*  COJUJdl  I  UlC  lc-ii|-lh,  »r  :iut!bi«» 

cal  note.     I  exad  picJun   ol  .1  ray  0/  polanjcd  ligbx 

trader  *hould  rein   l».it  k  tn  iliu  I'oJiuitaii    n  of  Li 

"  }e  1  ph  Sauveui  a*  .-.  Iwrn  in  1653.    For  the  fir-' 
was  dumb»  and  he  never  could  speak  freely,   lie  was  also  deaf.  Ike  hadataac 
voice.  In  order  to  verily  ftus  expeaiaaexb*  at 

v.        ini|K*ilocl  w    iy  on  thafi  em  h/ help  of  mosictan       cus*  mod  MaaU 

mate  chords  and  intervals.     His  contemporary,  the  bund  IVcacsace  SaO 

dcrson,  taught  optica  in  the  ;  I  CamLiridg«  a  a>w  yearn  Kale*.  ta» 

be  baa  won  fc>r  himavlf  no  abiding-place,  except  among  the  euoosjtica  o 

science.     In  all  the  discussions  of  the  ancients,  and  up  to  his  timcosMM 

trlatiun*  of  the*  not  \vm  (octave*,  fij  had  brrn  comtaaaV 

i^ted.     All  lb  .it  one  time  could  be  compared  »*fc«s* 

other  by  reference  to  these  intra*  al*;  mi  accuraac  tempo-.  *.:m  ««»  j-jvnbk 

.1  nolo  pet  '  different  rfayv  Savmir  tint  printed  out  AM, 

naractrr  of  the  ruitr  depend*  on  the  number  oi  vibrations  i-s  a  gbwi 

the  sounding  body.     The  dilti cully  was  to  count  than  a  tW 

grave  nates,  h!:  >re  the  least  rapnl.    If  wc  take  two  organ -p*  pr-%  wJM 

ao—tS  in  nrrfrxt  unison,  and  shorten  one  of  them  a  little,  it  is  weii  know: 

organ  b.  Aim  that  a  canous  pufctng  soaa-d.  swcilmg  and  falling  atteraafta/ 

at  regular  intervals,  accompanies  the  note*  when  they  are  both  sounded  ■> 

^ethrr.     Tbew  pultr*  are  called  beats,  and  Sauvenr  explained  them 

■  aowodOybg  iH-:  periodic  co amdeoce*  aad  Gpi*.  • 
parts  of  it  Whew  the  pipe**  produce 

effects,  Uk*  k-ud  pntoe  i»  beard;  when  they  oppose  c*ch  ouer,  the 
i>es  of  these  coincidences  and  cppmtion*  can 
1  ratio  o4  the  numbers  of  vibrationa  [which  depend  on  th*  U  ngir. 
tanas'  be.  let  uk  aay,  aa  8  :  C*.  there  will  be  a  beat  »• 

:  of  the  other.   II  16  V  braxd  »a 
there  Btast  Ki\x  been  laS  vibrations  of  the  one  coaamn  aad  144  of 
1  txl     Saw«rur  found  in  this  war  that  the  grave  «r>  of 
auV-  -fatkuti  yet   ixxurxl       I;    it  %  c-r»ou» 

I 

^^■fcrrat  pcrnxi>  »hich  are  sownded  t-o  anythir^g  bus  the 
•:  the  note  that  now  goea  by  -.; 
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cello  at  i;>  C.  corresponds  in  pur*  to  I $oi  vlbfltttai 
— ipowil  ish  x\  a  »  m 

lowed  lq  physical  di*cuui<  n       I  he  I  ranch  sta  u 

ministerial  decree  in  Fefanuu 

RllW    t   threw  -.<■  m    bi  'i         i  •    nd.ud 

11%  O  '.(i    lli.- 

be  I  3-i|  juvi  brfurr  t .  -a.: 

"•78.  880,  •  '■■  IB 

«W  course  oi  thirty  years  ol  the  prevent  ecu1 

•  ••«••«♦* 

MTb*  2«ftcdt-.  B  Hcrscru  ounds  rc- 

igine  .1  tube  liU-.  .,  ■  mow  n  :i..;i-v.  1  i:h  t*o 
n  the  mid  lb  rtioo  <>'.  !■■ 

fBtpfnd  cnbr  lOtfcttS.     "11     t  <■  C4M   Il4*04   lb ■•■■  i"1      ■  'I1'*  wJwl      «Tan  M-incnt 

»  |xmuatcnt>  on  the  othi*  the  rcc  liding  pair  tone, 

Ttic  tubings,  thcti 

'  1 

unl. 

ibe  open  n  let*  tuning-fork  cm  it  the 

otfc. 

I'paratus.  waver  place  hi: 

IV-  nbrarticns  11  ..■ 

■Ad  lifi  0  into    i'  ■ 

■  The  openine  opi' 
the  t  rti  n  pipe  to  make  a  distinct  and  loud  Imp 

of  the  i-.ir. 

11  ihr  ri  tub   is  a  little  diawn  nut.  the  poui 

1,  it.  i«  mil  !:i-inl  .ti  i'l.  'i  It    u    k-iefifle  ** 
Mtt^ii-                              tiding  to  thr  nob  »ouni 

oota  n  il  hiu  iror 

(ai  »  j:  pc  Ihe  tub 

I  all. 
If  *c  cut  or  one  0  itcrfcrinc;  aur-columns  from  n  10  Ihe 

e-:ond  intcftto;  1  h  ill  as  loud  its  in  the  ftj 

"Ti-  dtatetfbm- 

HcfB  which  theory  reouire*  are  ai 

The  harm  ■■  anothei 

■  ..mi  1.  il  |»\  1  ii  til  l  I    an  .ipp.i 

•  v  '•  QUID  (Ik-  **■!»'    fa  ta  with    Uli 

,  .     ■  . 

iters  .ipp  1 1  wo  hannonianr 

one  |»*T».-ritii( ui.tr  thi 

r  :>:»ttl(letl, 

'  apery-  it.  the  horizontal  reed  and  minor  eivcabori- 

■*  unison. 
'1    v  -.  ■'.    •  10  pcrueod.  ■ 

lffeioe)MUr«MF RM4«      -  -it     MaOiB»c»   id  nmti'in    ulii    h  ^1  « 


.. 


ww      1 


anneal   trine,  whrd    may  change,  like  <*rtl 


:a£tmt*t  *}  tk*  R< 


V  OF  SOCA'DS 


SO 


:  Mhi  -  pit  •  •    .—  m  »h  i  ci 

ich  than;,  •  >a"truc 

tutor..',  i  B-foo!  n.  t'-. 

IOC,  01  tli:Ci:  (,t, 

ttii»  the  *holcoetiuv  may  Ix  ■  ...  -lnj 

u  beanl  ind  seen,  and  so  also  a  ttiscotd. 


^■TRANSMh  through  gaseous, 

M<jUU>,   AND  lUA. 

if  progreMof  tout 
b«n  ditcuia*dj  it  w 

|l,r       ..... 

|>  mvr>  l»   /.:  nti;.il.    MlUllll    r.  .piiti  v   lirni-  fin 

mil  Iip  i  .,,!,...  ,,[,  li 

ton-  pei    ut     Ai 

•he     .rl.n  ily    i»    diinti  |»i 

>R  thr 
An  increase    'i  ihr  tempcTAUK  "I  tin   nil  <:o,u*l  to  i^caujfcvj  o  i 

. 

if  15 

he  »qu.irc  root  ol  the  elasticity  of  the  air,  and  In- 

.  ..  . 

i    ii 
one,  the  folio 

il: 

I    ijil  IO*J       I    ■ 

i  oppcr         .       .        ifij    ■  li] 

■    d     on  i;*o         „ 

l.laai    .        .  17'0 

Bitot  Wood  .         .      ii  oto  i?-o 

ili.it  the  relocft)  i|oc»  notdepcni. 
tit  in  a  grvaftn 

m*  thxi  ihe  intcniit)  of 

noi  "ti  iii.it  df 

■ 
■  ■ 

i  tli  i mi  u.i.   llvr  1  i  ■ 

i  m*y  he  hcud  ahem  the  I'urmcf,  beinK  fired  in  rarefied 

k%  UEil»r*ru  L<low,     He  fun 
Tl*trei>  nomisutttxnoi'  TO  wppox  the  mdto 

i  u  arisen  from  a  miscon 
fact  that  in  volufa  a  Avaji  to  •&***. 


Altt 

4> 

-»Jlrr 

47 

. 

7  S 

CT 

yo 

II 

lO'O 

ACOr 


hoscbodiw 

|<        \ 

■ 

1  ire  ter]  »iW» 

■  protrr**  at  light 

"  rjt»  of  the  **ju*  <uaci 

•  if  tin 

■  111    lii  II  ail 

'  v  lour  bells  ot  t\|uui  power  lo  attec-t  the  auditory  serve*  v*  the  mo* 

i  mce. 

cxptrlofici  ■  il.  -njUeing  cm  the  rut^l 

>  being  '  so?mri»wkJcfc  ' 

.-J;  andtaki  rhev  tallied 

TV 
.  , 

A  tndreatMjan* 

UllI    il»o  l'>  tin" 

i  ate 
m  stormy  weather,  also  with  more  intern  ry  in  the  IWeiion  of  the  *** 

.Oil. 

nw  Mvo«rr  * 

the  ntuare  of  thedr.:  v*ltke*t* 

■nooth  tu  i  ;<*U 

...    .U.tir  .)W" 

are  mmwmued  wither,  any  perceptible  AhcrXMR  *** 

ij    ihi:  IuLk    : 


I'iu  4$5-—  The  S^\ktMX'Tr»iWKf4t 
Thcoommoi:  pet,  which  J    «  conical  metal  tubr,  m*i#w* 

■ 
flection  of  the  vwn«l 

ins  lips  wide  op 

placed  at  1k 
id  though  he  spoke  in  a  vrhtsprr.  ta*  v 
i^h  .i  distance  of  tpw\i?dji  of  j.<w>  ywr  .  «£■£» 

1  ■  jpprcci:  I 
region  e4  the  heart  e*  limes,  and  . 
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Fir,  .\ffi.-T1tt  fnvMHe  r.Vr/ 

The  pr  ietl<  ii  application  of  Blot's  expertmcal  wa    won  made  in  England, 

nc-  hardly  .in  office  [where  the  clerics  have  to  si!  on 

.1  wl  fit!  ii  v.j  !.   -..  uVing-rabee. 

»c  ■       :  ;•  i7i    it  the  head  of  the  chapter  on  acoustics,  graph! 

cull-  if  old  fctory  if  the  1  peal  ,  which  15 

*ar>:  looavc  b  by  nit  worthy  pupil    FTiomai    Icfulnaa, 

peri  ■  tno wing  the  voice,  n<   would  not  hav<   his  « 1  ■  t « i* 

iltctl  wiili  -in  h  .1  shallow  trick.    Here  again  the  hollow  lube  convex?  the 
sound  from  the  mouth  of  the  concealed  master  tn  thr  oar  of  his  warm-tempered 

Tbe  AnthropogioMo*,  or  epeakiBf  head,  and  "human  voice,'  exhibit  d  in 
Lor  iim  mechfljucol  taJWnj;  head*  which  thej  ■  to  wind 

up.  «".is,  of  course,  only  a  modification  of  the  .ibuvc  old  story,  nnd  not  0 

1         ever  a   the  1  mi  u:,  in.  isiblc  fid,  wfcWfc  really  puuicd  tin  . 
ViSCOCras  many  years  ago. 

The  cut  [Pig.  4jd)  explains  Itself,  and  clearly  shows  the  hollow  tube  pa 

under  the  flooi.  Atone  cmi  i»  a  girl  who  receives 

s .  -ti  iK       1        md  suS" 

pended  ii    tsoit  of  umamcntal  '>•  re  the 

Crwipf-t  t  sttai  hod  tax  hollow  globr,iti  dc  incal  d 

that  them  lin 

tend,  and 
wat  connected  with  two  pipi  ■  placed  oppo 
mouths  of  the  trumpets. 
At  the  Polytechnic  a  speaking  head  was  shown, 
explained    tn   DS  due  Id   U)  id   of 

arrangement,  ■  int   beinc  con- 

cealed in  .Hi    u  ipartmeW    1  1  which  a 

1  pen  li    pipe  I'lvd,  li  rmiiuiting  in  1  hollow 
■ad  wii!i  .    men    l*li   j*w. 

the  eye*  are  deceived  simnhanconsl) 


1 
The  Of  ode  ami Ten 


5«> 


ACOUSTICS, 


with  the  ears,  acoustic  illusions  are  greatly  enhanced;  thus,  a  striking  befl 
deprived  of  its  clapper,  and  placed  upon  the  table,  apparently  yields  a  sound 
when  the  stud  is  pressed  down,  whereas  it  is  the  foot  pressing  on  the  stud  of 
another  striking  bell  under  the  table  that  really  yields  the  sound. 

Dulong*s  table  of  the  velocity  of  sound  per  second  through  air  and  son*  of 
the  gases,  at  a  temperature  of  o  C,  may  well  complete  this  part  of  the  subject 


Air 
Oxygen 

Velocity. 

.         1,092  feet 
1,040    „ 

Carbonic  oxide 
Protoxide  of   Ni- 

Velocity. 

1,107  feet 

Hydrogen      . 
Carbonic  acid 

4.104    „ 
858    „ 

trogen 
defiant  gas 

859  n 
1,030   „ 

Transmission  of  Sound  through  Liquids. 

The  celebrated  Dr.  Franklin  ascertained  that  liquids  conducted  sound,  by- 
placing  an  assistant  half  a  mile  from  himself,  who  was  directed  to  continue  to 
strike  two  stones  together  under  the  water.  The  doctordid  not  take  a  "header,'' 
though  he  placed  his  own  head  under  water,  and,  it  is  said,  distinctly  heard 
the  sound  caused  by  the  knocking  together  of  the  stones.- 

Colladon  and  Sturm's  experiments  on  and  in  the  Lake  of  Geneva  have 
always  been  quoted  as  most  excellent  and  trustworthy.  They  determined  that 
the  velocity  of  sound  in  water  was  4,708  feet  per  second ;  subsequently  Wer- 
theim  determined  that  the  velocity  of  sound  in  the  water  of  the  Seine,  at  a 
temperature  of  1 50  C,  was  4,714  feet  per  second,  or  six  feet  per  second  faster 
than  that  recorded  by  Colladon  and  Sturm.  This  difference  was  probably  due 
to  temperature,  the  water  of  the  Lake  of  Geneva  being  colder  at  the  time 
than  that  of  the  River  Seine. 

Salts  dissolved  in  water  increase  the  velocity  of  sound,  and  especially 
chloride  of  calcium.  The  velocity  of  sound  in  water  increases,  like  that  io 
the  air,  with  the  temperature,  and  sound  was  found  to  travel  at  the  rate  of 
5,657  feet  per  second,  at  a  temperature  of  6o°  C,  through  the  water  of  the 
Seine. 

Transmission  of  Sound  through  Solid  Conductors. 

Wertheim's  table  is  a  good  preface  to  Whcatstone's  admirable  experimenti 


Name  of  Metal. 

At  *o°  c. 

AI  ioo°  C 

At  kx>°  C 

Lead       . 

4.030 

3.951 

_ 

Gold       . 

5.717 

5,640 

5,691 

Silver 

8,553 

8,658 

8,127 

Copper  . 

11,666 

10,802 

9,600 

Platinum 

8,815 

8,437 

8,079 

Iron 

16,822 

17.386 

15,483 

Iron  wire 

16,130 

16,728 

Cast  steel 

16,357 

16,153 

I5.709. 

Steel  wire,  English 

I5.470 

17,201 

16,394 

Steel  wire 

16,023 

16,443 

\'  OF  $\ 
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nbcr,  iSv.  Mr.  Charles  Wrieatstone  recorded  the  following 

**  when  n 

to  the  car  ai  ■)   a 
-I.  tliil    i. it  cv  i[»"  i! 

i  U  i.i.  mi  -J  .     -Hi  I  !    .Itl    .li'r.N  . 

.       .'■,,..-  ■■      ■  .... 

a  I"     i  i  -»li.  in  ■  thlAOpCfUl 

ncd  in  the  DOM      i 
first  corre*rt  obsei  subject  op  pel/  to  have  been  made  w 

-de  *n  cipefiment  n:i  aded  wfrc  erf  wflj 

IfnplimoWnii  •  ras)  propacau-i 

ti*j  i»or  WunscD,  of  hcrlin.  made.  In  1778,0 

tiiK-n!,  *au«ti'..:!in.;  tot  WOOdcn   I  -till  >-  fol   the  wlfi 

i|   .        >il:i-r  tr  si.!    of  a       lilai  nature  uri 
R  ifn  llatscnfn 

!  ubtetvationa  "'  1      velocity  of  vMjutJ  [In  i|  cun- 

■  I .-•      ■  .■  ■  ",|  •  •■  •'■  ■  ■  •'  Martin 

made  on  the  sides  ol  the  iron  conduit -pipes  ol  l'ana 
.1  ol  >-\\  m  ire   :;  :i.    no      in  till  of  two 

roil  vrayi  EM  3.4 $9  metres,  or  11,090  fcit. 
isoundir..  ly  to  these  but-  mentioned 

lent*,  had  in  Ai'  rotd  Die  1  - 

d  hit  results  are  fuTly  confirmed  b) 
1  andi      Hit  method  was  founded  on  Newton's  demon- 

toUXid   t:  e  -\  %  ([ivcn    !- 

■   1.  1 
at  both  cr«fs  make^  ;i  single  1 1 1^  d!u  ova  T  of  the  lore 

i  ■  .in  h  1  [o  ih,  ordmar)  irfl 

huntoapp  itinn  Co  solid  Indies, 

ajbd  nesral  law  that  sound  is  propagated  through  an  clastic 

ib stance,  tn  which  this  substance  makes  on  .     In  this 

the   followiM  -tubfilAnort 

-  r.    un,  y,$coi  silver,  9. 300 ;  copper,  ir.sooi  class  and  iron,  17,(001 

-■us  woods,  irom  11,000  to  18,000  (•:.  I  1  iin  the  espesri- 

ir   :!:.it     ih<  l    'i   '\li!    li   AOUftd    " 

1  through  solid  man  tyol* 

hi      In  *31  the-  repe  uluaed  to  the 

t  "f  ."  hamsTK  !  a  Hrr- 

It  and  Nat  muiM    !  ■ 1  produced  by  «nkmp  a 

mducting-wire,  and  in  no  case  11 
Of  the  nbfcqocflt     ■  ■       ■  Wed 

I  <usly  to  the  experiments  which  I  commenced  in 
n  auik  11.  bed  sounds  of 

r  had  it  been  »bow  "tis  propa- 

»ugb  aotai  linear  conductors  oi  considerable  length  were  capabli 
i  .  vfa  .h  1!  o  ■■<  ■■•  Id  .  >•■  no  Lion,  ■  qu 

tory  ma'  on    *»£!kirM    t0  bs  j»:»rrfiilly  audifcll  w)ici:    DOnafflURtl  Sled    Lhfa 

■nctrtsoT  ants  kind  vhieb  I  nude  were  uatiUd^ 
Ibvjn  arc  to  be  found  in  V\w.  " 
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"  AcVermm'ft  Repository,*  and  otker  penodiob  of  tl  .«•* 

I  nine  **s  read  liy  :':\c  Aotdraar  &  -,.. 

ntweved  those  experiment 
to  ta  of  sound  thrash 

present  bUEaace  to  give  i  more  CMnuk-tr  d.tuil  t>\  \tm  1 

|  iblMhtd,  arid,  .:  -Ii  to  ad;l  irh; 

subsequent  cweiience  ha*  furnished  r*e  wita 

tit  bodies  ..cextrnt  bdni;  -  i-f1 

Hon  to  t hi 

.  j  ra***s;  Ut  *r 

of  mntlkr  diincraHinv  audi  at  tnsalalrd  »*.'  ■©  « 

il  .1  mocimrtc  di*a»cr  horn  -jOi 

sound  '.let  we  eapabtc  of  considerable  augments  .■  <*■» 

;eed  10  a  tabic  or  ike  ttumtactiotn 

um&unces  which  inftuet 
.ii  J  .  |-ul  of  these  ts  the  pii*.:  i 

,  hdl  with   i  *•■$ 

siil.i  rbi  ••  v>  communicated  '-rpca&aar 

Mill     ll"Mll       '     1-'  Ft    whlCh     I    llC      -I'll!: 

a  tnixec  »**•  t>* 

.:,!■.  .   , 

ktorj  iM~iin£*(brk  perpeti'  a  IU*  bo*' 

second  by  j.  il  r  to  >m     ■    r»  ■  board  ln«»cn 

liate  positions,  vit,whtn  tfce  mbntoow  »» 
communicated  to  the 

•oun.)  will  Ik  found  to  have  iniermedtaa  fc 
jjrecsof  tnten.i 

"  Th«c  beta,  wfcicfc  the  eite**»re  Inn"*? 
a  full  c<>3e:»te,  boa| 

il  tnttnantii 

I  n^  -Ik  *.-d  *f  V 
disposed  ttua  ttat  *  1 
i  fringed  m»l  ■  iSe  piano  af  * 

1 

:/  arc  struck  b. 
men,  nl  ■**)-)  perpendx  ul.tr  n.  u  «(^^H 

twites  p"' 
surlier*  ri '  vbv^^^H 

■ 
■ 
«\ '  i  1 1 

indii»t;-rmMd. 

A  eonvw- 

i!nv  o  b>  themaelves,  * 

eomv  sEpoa^i-  iv*Itilr  when  >mMt'i 
;5&  sotuta  s«rbft«u  \*\V*W.v»&ic«a?«iB»« 


i    i    ii 


made,  in  iftzi.  Ihe  re  ■  ■  ' 

u  so  coristruacd  as  to  produce  cuo^entixt  % 
TK  a  whAt  1  lukvc  amce  l»rro  Able  In  protfui  A      I  h<- 

ibly  tmp-iixvd  when  the  "ire  is  xpnr;- 
MVi  part*  fastened  together  by  mechanical  con 

^4)  show*  the  arranfcin- 

ml]   It     ■  »  i.  |       nn 

K>  use  one  pu-ce  of  wire.     The  wire  confuted  of  Tour  portions:   the  tin? 

tou>  trod  half-* 

tfl"  ■ 

ruled  in  tho  «(lr»ff  01*  the  room  below  in  ■• 

totbe  lyre  at  the  pW.i-  marked  kt  in'  d<  del  the  line  on  the 

board,  to  overlap.  *t  *  and  ^,  and  WW  I 

by  mean*  ol  a  screw -nuL 

*Ttte  sounds  of  in  instrument  may  be  at  the  same  time  transmuted  to 
i-O  pllCC  i-innnii. 

lOjaare  puaoiortc  10  .1  resoimdinj;  instrument  above  and  to  another  below, 
manner  the  sounds  at  in  entire  orchestra  mny  I  utcd, 

I  !i  :i  pnijtrrly  corntrurii.xl 

on  -...in,.!  to  'I    '  be  Dttrumenta 

!    i>  ITT*  pleasing!    the  voumlk, 
hj\r  •  1  hf 1 1-     ntcmit)  .»*  ->i  in  cl_,  to  b>  hc.wrt  *t  adittanc 
:rpnx-«in  .-..-.  tori,  ■  band 

b  hoard,  in  which  all  the  instruments  preserve  then  durttnetiw  go  il  it  I  ft,  and 
/afawj  si.  ndes  and  ifimnuMWUbtf  Uu  ir  rtfatit 

pared  with  an  ordinary  band  ru-ird  at  a  distance  throup;h  the  nir.  the  cfltct  11 
as  a  landscape  wen  in  miniature  beauty  through  a  eonowc  lens  as  compared 
with  the  umc  ttew  ncwcd  by  the  04  irjn  through  I 

the  preceding  experiments  on  the  transmission  of  sound  through  solid 
born  repi  »  ttntMrt;  but,  though  lonod 

h 

'h  rodi   with   .tngtiUr  ana  curved 
Ing*.      If  a  vibrating  tunin/j-ltirlc  be  n  ad  Of  a  fttraajfert  1 

r  end  <rf  wrneh  reals  perpend* 

II,  is  accordance  with  what  has  !»een  above  stated,  be  powcsfctlry 
On  gracVailly  bending  th  -  rod  at  any  part  nf  il  .  while 

vibraiKr  re  kept  in  the  same  plane  with  the  ane>  of 

the  bean  rod,  the  transmitted  sound  will  progressively  decrease  in  intensity, 
Mr\  will  become  very  foible  when  Ihe  angle  becomes  B  ripht  one:  a*  the 
bfflKbnjc  is  continued,  so  as  to  make  the  angle  between  the  too  part* 
rod  more  aojcc,  the  intensity  of  the  sound  *J|  increase  In  the  same  order  m 
li«d  brfort  diniiniJK-d,  and  when  the  two  n«vt»  ol  ■         <,  h 

panlVI,  tl  trie  transiniss.on  • 

lice-.  ■:.  (he  plan 

■i^.fnrsV  bo  pctprrn;  :hr  two 

porta  of  the  rod,  tb:  same  changes  will  be  observed,  but 
maimer  than  in  the  former  ease ;  *-nd  when  the  angle  becomes  a  right  one,  the 

■ 
plane*  the  cradatioai  n  occasioned  br  the  bending  of  the  rod  w*L 

be  aooed  to  bo  taiensediatr.    la*  change*  erf  Utemtay  <k**xaOje»>.  i*>  *^- 
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-  ii  by  btni- 

i<  n  . 

tuning-  '  n    I  ..  »\ »*- 

■ 
■i  i in  »\  the    i  :  •  urne  ever) 

rhkh  the  two  PtxtS  "i  '•'"  Pad 
itoervcd  that  '■ 

.ml  wfatn  they  .ire perpendlcu  •  itt  minimum.    Tbai^ 

wing  the  touru  ■  «  jr»- 

I  ills  .1  , 

Die  changes  of  intei 

•inol  « 
.     i  ■ 
■irm  of  ihc  tuning-fork  be  placed  perpendicularly  on 
a  comlucting-nt  i  '..  *ul.  th< 

I  romliirf 

h  the  rod.     Were  it  n«c:-<\  f.ir  i 
thai  the  unduLv-  old  propagate  themscl«i  rc:ii  jot*w» 

thai  in  i  bent  rod  utorf  hand,  aj! 

rty  of  aimuinc  tl  liix-ik;**.  wr  Wayctt 

not  ob  ence o!  Intern  I)    n  ii"  < 

'  The  .".[nil  ilin  ■   a  ^ 

i    iiv    lli.ni  ;li    nru  ,;  t.,\\\  ;      hal     i:     i-  n    ll« 

'  <:  grrate**  debtee 

■i  mieni  itj  i   In  the  din   Ui  net  thi 

'•   IV.  ,  U.-ml    111.  -.    r  iprnrnrnt-   m  ■  attended  W-lh  «0* 

nuch  greater  in  mM  «nbsur<e» 
than  in  air,  it  i*  not  improbable  th  a  ion  of  umni!  tin 

conductor*     ><!  ii      tinsequcnt  i 

i  purposes,     Sound  travel*  through  the  air  at  the  rate  oi 

(Cv'Ond;    blfl     t  ii ii:m:ui     -     ■<'.    llu    >u    ll   i!<->      wile.  xUfcv. 

h  uh  the  v.  !■><  ity  of  about  '  ELw  ■ 

not  of  wan  unlet  m  l<  iute. 

"  Wl  d  i>  allow  rd  lu  ilifuj  II   in    ill 

.  .1    (  ..rill;:;.;   Ii  ■  lilt  of)     il.  ■    I  111 

.     .    i  din  i ' 
intensity  ought  to  take  place;  but  thia  lion  i  m 
body  pottctacs  perfect  nomoff eneity  and  if  uniform  in  it*  *tru' -: 

in  In    mi  actual  experiment*     Could  any  cool 
"ndcrcd  perfectlv  equal  in  dentuy  And    '  ■>  as  to  aU* 

unduLuuir 

.  nail      ui  i      ■ 

■ 

\\  In  Ihei  unj 

■  . 
Al  the  Polytechnic  Sir  Oiarl 
arrangcmcnL.  oi  the  rodi  j"-  n 

m,  and  Mil  . iham—  nl 

in  which  hu  beautiful  cxpe;  i  am 

F-bcuvdi  of  four  hirwx  C*lk4  O*  »uta^«*K.  to***  i 


TJM*VS.WSS/OV  OF  SOVNDSL 
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by  Her  Majesty,  the  late  lamented  Prince  Contort,  H.R.H 
of  Wale*,  and  ih    v         j  i  nv  n  bi  r*  of  the  Roval  Fan 
The  effort*  made  by  the  writer  to  Rive  refined  science  at  the  Pototceftnlc  BO 
bli<   u  chat  time  were  not  tuccetaft  onetary  pour  of    ii  w,  .™d 

ha  loart  in.  private  patrimony  trying  :«>  vmrcl  toil  object,  bi  tote  ; 

Crown  wiser  by  experience,  he  i>  tMtettfiG  cam  -HfTcr- 
id  the  Institution  has  ftouriancd  uid  i*  now  i  i<»si  prosperous,  and  the 
ipcs,  with  the  blessing  of  tli,  Highest,  ft  may  long  con 


FlO.  459r-73l*  t\fJHiatnrt  Vthphomc  Concert, 

ftjMtd  p***d  ihroiiRii  ill-  benu      •.    I h)  ti  inrtllaq  ifcc  luminal  bo»  it  onrmd,whiln  ihcollicf  ti  pir»*4 

mil  the  •flHoJtnii  r»4rO  ti*  ->in»  ln«ir,mcnt. 


A  rery  pretty  illustration  of  WheaxstoneS  erocrimeoti  with  the  transmission 
vil.i  itions  through  solid  conductors  may  be  performed  by  construct ine  n 
xncsol  b(nrs(\,  Fiif.  450)  to  fit  one  with  t       itiniajnamu  1 

cal  box  resting  on  a  few  iohk of  bttiM       I  In.-  latter,  whilst  playing,    iehuj   rp  0 

«ithcr  boxes,  and  thctound  gradually  dicsaway;  It  Is.  however,  unmedi 
brought  li.n  k  in'.u  tin  r.nitn  by  thrutting  a  long  wooden  rod  through  the  hi 
te  in  the  bo  vet,  and.  of  course,  superimposed  tipnn  each  other.     Oh 

I.f  the  rod  toucliti  [lie  musical  box,  the  hand  Instantly  feds  the  rt 
ciund   1-   now   p. mi. illy   heard,  beenniinx   uuiic  loud  when    the 
Miiiniiiiin-board  of  a  violin,  or,  belter  still,  that  of  a  harp  lute  (it,  Fiy  45  . 
ijjhlij  down  on  tin    cud  ■>(   the  wuoden  rod. 

supplied  loom  ■'"■  *  <l  may  be  turned  on 

a]  pleasure;  to  ll  is  with  the  music  d  sounds,*-  ihey  become  audible  or  m- 


Ic  as  thr  v»iini!in^-lK);*rtl  w  applied  <>r  removed 
njj  to  ingenious  and  plcm 
wtfl  tt.  lucniiMii    (en  th;- very  pretty  toy  called  "The  ripinc; 


Whilst  alluding  to  ingenious  and  pleasing  1  x>u  l"    ■  tpcrimi  nl  ,  ll  mi 

.  called  "The  1'ipine;  Bullfinch."  ••■ 
iiir.il  in  ill,   v.vi      1  I  London  Exhibition  of 


I  $62      When  a  spring  is  touched,  a  little  model  of  a  bullfinch,  with  fi  a 
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tk,  iky 

TTif  motion  bring  produced  by  in  cndl*—  «rr-  umiwJ  mtr>4  ••(  t-/t  k-fc  •*•%  . 

npiaK  Bolilkivt    ■ 

ninvmg  wing*,  and  bcaV,  pop-  nlnwx  a*  ruturaBj 

A  living  vng-virr. 

body  ol  th  .oi*ld  &i*C  jMJ 

ml  the  bird  *a  with  ti     the  bird  tetve*  lo  engage 
■  miv.i  .  >i  .mull  piJK.pi'      i 

I  kntfihcni  the 

h 

iuc!i  Jt.     A  regular   phi 

... 

id  of  the  < 

. .  it   i»  dun  pipr  -  sailed  with  air  *i 

bellows. 


Kir,.  |6t.— Pettr*i: 

Qmhm 


CHEMISTRY. 


ujo  c/a  iimrh  —  the  apprentice  rfabo  lx>okbilu  l 

BUadfbrd  SLrtxt.  *  Square-        | 

-3.-«J       *lill1f|U<  D 

[ly  w»$c* — ao 
i 

-*  cfcrmt**'*  apprentice  n  !  to 

a  *iiik  that  far  hav*  or  will  ever  be  able  to  achieve    V»'\aaA  tow*~ 


"  ]  •■  1  QO»  tamed  "/■ 

b  ipjwned  ihn* .  fi'i 

m  tfcai  *.*>  further.    After  banc  »  journcyi! 

■  ...  throw£*  : 

II.  Da 

Great  nd  wberc  I  Am  me 

cacanff  the  mh  air 

;  ;.!."■ 
:.«l"Tha:  Midfca*  t*c»- 

■  i  ,, 

I        .  .  :   ;i%:      Sil    !  i 

in   m.in.i/'  .     i  ,:       '  ! 

:      ::;    J 

I  ... 

What  income  derived  from  ihc  Royal 

i*  tot 

"  [>'')  lOtil  unt 

body  stifigcitetl  " 

oplici  "     Much  01  1: 

il    .    .nit!    |  K3 

"  speaking 
in  Octo 

i*degra»i 
:  bcmffdcvaled  to  "  Faradism, 
at  characi-  I         I  out  Ui    ■  :.  itfuchw 
prebcmit-cncii. 

U*  tenn  .  t  *pvci«rf 

■  urrul  *  r.H-.rw^* 
-.    Wfeut 

■  •!»  ' ::  ■■■    ■    **      ■■  '-1  "'  an    ' 

lie  ditcowc  w» 

Of      tllf     *  - 1  *  I       fWl       .1! 

iful  oi      i  A  i]   damL     Th 
iq  tins  eddress  is  made  to  i  (li  .-  mn» 

mind  ■     ■ 

■     ■ 

m ' -'pant,  observes, ex.  immsaoo*. 

■   the  law  thai  bind*  md  ( -m  rote  the  pom  tntiXAit*  lhe» 
»d,  lays  The  Pi ■!. 

i«  i  l'ii.-l,  as  soon 
iorfT  '■'"• '"  *  ''■", 

\ng%<      Hr  p 

i 
&re  'niiiu  him,    w  bonM  te 

.  :houch  h< 
1  barniog  p»**cr.      1  he  pi  >**—* 

,    ,;\homC4l'i  >!n<^^| 


'-.HlB^Wl' 


GRAVITATiOS. 
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•deccr- 

■  it  erf  the  great  All. 

'urn  i-  hin       ;> 
CMwrwcKn;,  mcdialrlyuvlnl,«ih.-t  rmmod 

sttcm*  a  return  m  rounds,  shilling  nnd  pence  :  and  partis 

nil  .■!   Iqi  e  hai    .'i    ■ 

i  subject'-  osults 

"cm  <!  >•*  antique  thrriKS  that  IivcUnc 

MI     . 

;re  m  tin  **on  ili  i  -:/'..'-.  rot  ill  /•'•\'\<(f-  infirm 
d  qMrM'itw  from   «i 
fcvnli  gemmftu 

thrii    ki  tt\  ly  i>- 

if  boldness  and  frccaoc  . 

ip 

apt    ir  aver  to  rttreat  te/cre  tmr  ji*ite 
1     arc  '  //.  .■'  pedant j,  vf  tapped  up  in  their  atvrt 

mv$ffr$#st.t  (mpertantf,  f-ul  humble  i.v./urrert  ct'trr  t>  ui.h  ;   ;;.  . 
prrvt  p/tgrtmi  /war*' 

■  i    i 
T*w  impondVrahlr  filter*  have  already  bci  n  dealt  with, and  ytft  i;ni  ■  rumii 

bo*c  *•■  '     I  To  speak 

upon  til  o     ■      'hull  is  til 

I  the 
epitaph  «rndcr  the  statue  of  Mr  I  n  "<n : 


1IAK      »l»TO»,      KKICIIT. 
WHO, 
..v   ■*•«*    .  »    w. 

bM  01  m«  ii'-iin-  of  u       "   • 
HK\J   Dr.* 

iHt  .     i  ■.***!%. 

•  >  I*. 

TTtcrrad.T  lint-R  will  won  aoqui 

a  knowicdec  of  i  b  -upposcd  to  exist,  and  w htch  by  universal  consent 

■  ii 

!  ili  (!  on  th<     fitli  M-irrh, 

d    iv  i hut   force   which   ten  lenc 

rih.  and  vim  li  (In  n   being 

:    nwinfa      Ifthi     rmmnhmr   -...  r«ir  r.trth  *  A  fixed  to 

ton,  it  would  narc  r  'i 
mJih   1hiii.ii.  i  with  thi   i  |n-  ■•  t  been 

kB  the  Ule  of  dew  lU  would  have  pemh'  <l  '   i 

amount  of  don  tun  a  body  to  crevii 

■ 
M*  of  different  sabstanoes  -night  b 

i.j  4n  %-.*."- 

rt-  ,*,«*>  >jrBUU(  08*  v  tf  Mill 
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b»:  inch,  is  Ukea  as  the  li*cd  &nd  determine*1  ***! 4n!_  >»^ .*d  W 
wart  thai  N  !•>  c*t«n*(<d*«»tewperatwco«  t-sJ  f  .ihchMoacirt  hrK^« 
y>  laches. 

*!rt  it  ulirt  it  tlie  st:  invoacp* 

.      . 

ufUag  the  spccuSe  granty  of  voVxlt  ii  *ery  s«ias . 

».    W  iix; 

Mking  enre  ki  per..  isM-.-»  .arfhrmtg  »oV 

■  ;  .iai!  iSH  tbr  wrier*  fted»  i»  «<irri7  prerenal  fwk 
n  :aw4-iWc  in  il  ivm  u.-t* « 

s  the  ve»el  ©i  wiicf  «a  vhicli  thr 
to  S  4. 

>tct,  *ad  lacqattrv 

Tae  sptctfc  fmWiv  d  It  quids  is  aseeruitied  ./  -u|)Ml«e  * 

fUsa  bonk  \tae  weight  of  w*»xr*  a  tnbnccU  In-  a  casaterpo**?}  lo  a»M  i*»> 

(rain*     /  t!»  u»c  bocite  be  lilted  with  alcohol.  It  wviffU  W*%  tftan  »tu? 

n!  %iih  oil  of  vitriol,  it  weight  raurc  ifcaa  tW  upr  tea 

•  act  weight  i*  tae  reaiaajr,  lad  ao  atafc 

Tae  dewmnMiuti  o*  IV  tjocihc  vruvilv  of  *  pi*  n  bximlrd  oa  it* 
r^**.-r*r-v.  but  l  V  in. -*i  elaborate  precaul  writ  rn9<  be  taker.   A  r 
wh  a%  thai  feral  wejgacsl 

««ay*iM  fry  the  *t  \minp  and  weigl 

aired  to  aseen  ntc  ^may. 

to  perfom 

''•■;'■■'■ 
i  i  n 

..  .     ; 


ht;  Ii 


■■■fen 

n  ■ 

11  turned 


■ 

! 


jmrttsu*.     Th:  proccM  Will  KflUnd  the  reader  of  th*  j/t  of  m 

'Icofcrapl-.i.  BiOUS  And 

MDimt^'  Hi*'-  .--fcn  be  r.n  jducod  to 


-rtfiMs  */  TaJter  rfirrf  ZW.  taktu  by  IM  Af*$U 


Bl  "■       S    I    K»        I  i>  R    Mir    L  ni.i/MI     s  0) 

Tmumoort  COhbiom  Kicvkul 

I  kind*  of  oil  -prtud 

11  ■        ■    [i  ■  uni  ■  4 

1  >  of  (he  forms  o  turned,  and  furthci .  (h.ii 
iM  i  ■ ,  different  models  •.•! 

... 
I 

ini)  ■  ■■■.■.  IH.-S*. 

:        ■  ...... 

;,'  up  nc-u 

1  ■■  ■ , 

II  tl  '  ■  :  ■ ' 

■ 

... 

Tiplcicst.    Cri  k.*up 

but  afl 

i-un£"-  I  btccancft 

an  cMm- 

i 

U.ii  !iv  .1    *ml 

h ,,.... 

,  ■■■'.*■ 

<     ■ 


cut  I 


-aler.  and  the 

.  proceed  us  follows :    From  *  sma! 
6ltal  at  tin  i  .  ric  wWi 

inches  nci»;  it  up  •tv  of  th< 

n.    We  shall  imunic  th«  L*:ci  o' 
■ 

•tat,  lie 

■ 
tion  » 

.  1  would  !i  ' 

■ 
ncc  by  hU  masterly  de- 

n.      I'.    In 

•<  of  the  prexd  spartanc 

would  «scribe  my  rec<  ctfibcw^ 

in  wi  Hw    .:  not  been  I 

li  .mil    i  iii-i 

.  .-    . 

birttran:  extreme  :*«!< 

to  these  (onni,to  Lhu 

l  very 
Indeed  in  ill  that  has  <lcc  thts  h 

a.     Perfect  concordance  01 
■  it  .1   #h  'I  .iQ  oth.  r 

attended  to.     A  iliRht  tremor  or  ■ 

SI  hive  noticed  ili.n  even  i  person  nUjtbfega 
lion 

.    ,  ■ 
venre  (hew  on  p-i 
.... 
incd  to  do  so.  tor  lone  I  had  attemptc.: 
in  nil-,  difficult,      •  ■     11' 
It  \%  in  tin 

■ 

hoc  of  wjlcct,  and  permanently 

1m  in 

!     .  Ill  I        ■ 

fill*  Ik'  i     i)m 

■  ii  pIioic.'jMjilit-r*  (if 

-".nnd 
■         .  . 

ihi 

>  on  the  ruitern  for  an  v  ■ 

■ 

■ 
.    hi  i.-k,   i.    ■ 

Draaffe,  rod 

A  #ood  mult  i&  ux*  l»V  *.r*  ^vun%  C 


OLEOGRAMY. 


\\  thrn  throii  i<  Pplc  of  i1»>    : 

■ 
il  •:>(-    i j . ■      , 

C*ffT> 

cti  I  And  to  take  up  ih?  most  delicate  pi  known  as 

kpi  r  ,;.:i  uMdon  '.n.  lidc  onl)      We  pec  'i  «i  in  cin  ulai  r>  1 1 
Dchi  .  tcr.     A  Uirccr  pattern  could  readily  be 

Mr  Aop  of  oil  and  a  1 

nulc  i"  tub    p.  if, ,  I   f  i, 

•t,  and  Mli  ■  ■*  my  il  in  i  aw- 

nl      i  •  ..  ■  ini    '   "i    ith*     •  nil  ttr.     In  i »  i   tin     h  :li 

M*.  wc  navcaiso  I >k  to 

I  think  cii.it  papa     Miners  and  paperrian^irig  nuuuxl 
*  greatly  benefited  hy  pa;  method. 

able  to  transfer  tht   pattern  even  to  cloth,  to 

. 

irhh 

got  results  with  mature*. 
ally  from  ilmac  wiih  oib.     M 

•  •  i-  ■  i  'tn-  i  -..  t :,  ■      .  i<!  

. 
in 

,;(i.  Lecture]     a O  Mid- 

■h  mi.  bfij  described  in  the  same  valuable  sen; 

;  method  ol 

0  Ojhlmon  Fcguiiu  it>  a  LkcniKK  AttUUOKlX 

f%h  figui  i  diwrovffrcd  by  Profeaaar  Tomlta 

■  obi    io  I  proposi  d   pi  um    nc  nn  'i.'"1  :  w 

ier  27  tli ;  1 

iifiibi!  tn  ilui  iiMil  (ci  ihaw  waves  Is  irttci  mnild 

cfore  tried  tht  following  pbn.  which,  thoBfli 

i  UiaII  .iiii- 1  n.uds  describe  is  »cl)  worth  trying: 

*  class  1  is  tilled  iritfcwai  !.iOed 
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dicularly  upward,  and  the  trough  placed  just  over  the  front  of  the  Lantern  as 
though  it  were  a  lantern-slide.  The  nozzle  of  the  lantern,  fitted  to  a  projecting 
arm,  is  then  brought  over  the  trough,  and  an  image  of  the  upper  surface  of 
the  water  obtained  on  the  ceiling.  On  now  placing  a  drop  of  creosote  on  the 
water,  an  image  of  it  is  seen  on  the  ceiling.  If  it  be  desired  to  throw  the 
image  on  to  a  vertical  screen,  a  reflecting  prism  is  placed  on  the  nozzle,  by  which 
the  desired  effect  is  obtained. 

"  The  arrangement  will  be  completely  understood  by  referring  to  the  accom- 
panying figure,  in  which  a  is  the  lantern  turned  back ;  c,  the  chimney ;  B,  the 

glass  trough  to  hold  the  water 
on  which  the  creosote  or  other 
liquid  is  placed ;  D,  nozzle  of 
lantern,  supported  by  the  hori- 
zontal arm  E ;  F,  the  reflecting 
prism ;  s,  screen  on  which  the 
image  is  received. 

"  It  should  be  mentioned  that 
it  is  necessary  to  remove  the 
usual  taper  pipe  of  the  noxue 
of  the  lantern,  and  substitute 
a  shorter  one,  so  that  the  figures 
may  be  properly  focussed,  and 
yet  room  enough  left  to  intro- 
duce a  pipette  between  the 
nozzle  and  the  trough  contain- 
ing the  water.'' 

Adhesion  {ad  to,  and  ktrrt* 
to  stick),  the  tendency  which 
dissimilar  bodies  have  to  ad- 
here or  stick  together,  is  ex- 
pressed by  Daniell  in  Johnson- 
ian grandeuras"heterogeneous 
adhesion."  Water  dropped  into 
a  polished  silver  spoon  wets  it: 
the  fluid  adheres  to  the  solid. 
Absolutely  clean  platinum  may  be  quicksilverized  (is  it  right  to  say  wetted?) 
with  mercury:  the  fluid  metal  adheres  to  the  solid  metal;  and  this  property 
is  taken  advantage  of  in  the  perfection  of  barometers,  in  order  to  prevent  the 
air  adhering  to  the  interior  of  the  barometer,  creeping  up  the  sides  of  the  lube, 
and  displacing  the  mercury. 

Negrctti  and  Zambra  skilfully  prevent  the  deterioration  of  their  instruments 
by  a  method  of  this  kind. 

Portland  cement,  ordinary  mortar,  compositions  used  for  sticking  the  parts 
of  broken  china  together,  all  act  in  a  similar  manner— by  adhesion. 

There  are  certain  curious  modifications  of  adhesion,  which  have  engaged 
the  most  careful  attention  of  learned  scientific  men.   The  particular  cases  that 
will  be  mentioned  here  are  those  of  "  Osmose"  and  "  Dialysis." 
The  word  "osmose"  is  derived  from  the  Greek  wV/**s,  impulsion. 
Dialysis  (Sul  asunder,  Aur*5  separation)  means  the  separation  of  certain 
substances  through  the  intcrvcxiUou  crt  «m\t\*)d^  v^ch.  as  narchment  papfi 
through  which  liquid  diffusion  ma^  xaVe  ^ux. 
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Dialysis. — This  department  of  physical  attraction  Professor  Graham  has 
made  peculiarly  his  own,  and,  by  working  out  the  principle  of  liquid  diffusion, 
has  added  another  mode  of  analysis  to  those  previously  known. 

He  divides  all  soluble  substances  into  two  classes,  which  be  terms  crystal- 
loids and  colloids. 

Bodies  capable  of  crystallization,  such  as  sugar  or  common  salt,  would 
belong  to  the  first,  and  they  are  found  to  have  a  greater  power  of  diffusnt 
mobility  through  porous  septa. 

Substances  incapable  of  crystallization,  called  colloids  from  mSAAij,  glue, 
such  as  many  animal  substances — albumen,  gelatine,  or  glue;  or  other  bodies- 
gum,  caramel,  or  starch,  do  not  diffuse  themselves  easily  through  septa,  and  do 
not  assume  a  crystalline  form ;  they  are,  moreover,  nearly  tasteless. 

The  experiment  can  be  made  by  strctchirg  an  insoluble  colloid,  such  as 
parchment  paper,  over  a  hoop  made  of  gutta-percha,  thus  forming  a  shallow 
tray.  If  this  be  floated  in  a  porcelain  dish  containing  distilled  water,  taking 
care  that  the  bulk  of  the  latter  is  nine  or  ten  times  that  of  the  contents  of  the 
tray,  a  direct  separation  of  a  body,  such  as  arscnious  acid,  may  take  place; 
and  supposing  a  complex  mixture  of  soup,  milk,  sugar,  tea,  beer,  and  arscnious 
acid  is  put  into  the  tray,  in  the  course  of  twenty-four  or  forty -eight  hours  arsenic 
may  be  detected  in  the  water  in  the  porcelain  dish  so  nearly  free  from  organic 
matter  that  the  water  may  be  evaporated  to  a  small  bulk,  and  the  test  of  sul- 
phuretted hydrogen  applied  at  once,  when  the  usual  characteristic  yellow  ter- 
sulphide  may  be  obtained  on  the  addition  of  a  little  hydrochloric  acid. 

There  are  many  other  important  separations  which  may  be  conducted  in  a 
similar  manner,  and  the  whole  subject  is  fully  discussed  in  Graham's  paper, 
"  Philosophical  Transactions,"  1861,  p.  183. 
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Thi*  power  may  refer  to  many  changes  thi  i  imb  nation  of  omen  >vitli 
iron  taLing  place  slowly  in  the  cold  dead  iron  railing  i  ni  tng-in  out  cWlhng- 
hovao;  th  Indirect,  but  *urc  attack*  of  the  feme  l Urn; Dl  on  the 

dwelling  house  of  the  soul,  tbv  human  constitution,  bring  about  the  inevitable 
wenrt.\  the  energy  that  will  not  for  ever  respond 

to  the  nil!  of  the  powceeot ;  bm  thtu  old  age  »v  equivalent  Bom 
ordinary  function!    T  the  body  thai   NppCffl  UP   COOM  (0  an  end  by  % 
spoken  of  to  '   u  is   with  'lead  matter  a»  u  reasonable  wear  ami 

a  .  ntn  of  .hi  in  i!ir  lungs  of  the  new-bom  brfiia!  i<*  pfocfaumed  with  a 
cry  that  m.iy  ^k  <■  |m  .ii.  ,1    n  anotm a  (OMaBthl   Eul  gajpof  airpamt 
rnodi<  tit.  iMiin  ihe  lip*  of  the  departing  aged. 

-<in,    f-iygcn,    RydfOCCfL    nitrogen.    Polpluir,    pho  .;  h,  ;  it   .   .,i;J    c-rt.un 

earthy  and  ntlinc  matters  individually  tunre  characteristic  propcrtus.  and  all 

-c,  with  Uic  mystery  of  vita!  force,  contribute  to  build  up  the  human 

body.    How  natural,  then,  to  define  "chemical  action  '  to  be  that  change 
ta-br*  place  whet:  one  or  more  sulwuncw  unite  and  fonn  another  01 
other  bodies  perfectly  different  from  those  that  frefO  tngafcd  in  forming  it  or 
thrrn 

h  i  action  that  roitntaine  the  greateet  of  afl  wauha '  vttaUt] 

whetl  n  .he  animal  oi  vegei  tblc  Jungdorn. 

Mni.ni)  i»  i  linlli.iiii  opuqur  fluid  metal  ii  iaaofnetfrnea called  oatrcCailver, 
be»:an*'  |  difficull  to  catchi  Chlorine  is  a  green  g.is,  very  potent  and 
aggressive,  and  these  Qualities  render  It  luiiilu!  to  the  lu:i»;s.  and.it  Inhal  rj,  ii 
may  caeitc  a  cough  of  a  violent  description.  All  these  physic*!  properties 
ctungc  when  the  two  unite  to  form  a  white,  inodorous,  insipid  substance,  in- 
incdicine,  and  commonly  called  calomel;  and  their 
properties  change  again  if  more  chlorine  ik  united  to  the  mercury,  when  the 
inn  wit  ii  found  to  be  soluble  in  water,  and  possesses  an  acrid,  nauseous 
taste  that  lingers  lent;  in  the  mouth,  and  Is  a  most  violent  poison,  tc  is  no 
longer  called  calomel,  bat  conoeEve  eubllnutto;  /..-..  these  ar  vulgar 

name*   strii   ly  ipe  ilcinjc,  iciencc  •  ills  ' In:  former  mctcurious  chloride,  H;;,flh 
end  the  lattei  mercurfc  chloride,  II 

l"lin;.]i  i\    icium  or  attraction  in,  ihrrrforr,  a  subtle  power   pniraTHinf 
drettsjy  cncrjr/rtic  qualities  capable  of  operating  on  the  minutest  particles  of 
muter,  ai  distances  that  the  most  rehncd  means  cannot  measure. 

that  rule  chemical  am. .-.11.11),  as  with  the  other  forties,  vi.  h 

as  electricity,  magnetism,  &c 

1.  Infinite  Proportions,  via.,  all  elements  uniting  with  other  elements, 
combine  in  certain  fixed  and  invariable  proportions,  as  shown  In  the  table, 
page  tfj.    The  composition  of  pure  ■  atw  1  annoi  eny:  ii  rn:i 
of  a  thousand  different  changes,  but  Its  1  natltuenti  ire  flaed  tocerl 

i\,    -the  weight  of  llic  oxygen  i*alwi*v*  eight  time*  thai  of  the  hydiugc 

Muttipi*  Proportions, — When  one  bod]  nl ibi nation  ed 

■  the  numbers  Indicating  the  greater  propon 
multiples  nf  that  denoting  the  smaller  prnportioi 
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i.  Nitrous  oxide  contains  28  parts  nitrogen  to  16  of  oxygen. 

2.  Nitric  oxide  „         28  „  32  „ 

3.  Nitric  trioxide      „         28  „  48  „ 

4.  Nitric  tetroxide    „        28  „  64  „ 

5.  Nitric  pentoxide  „         28  „  80  „ 

We  may  paraphrase  the  above,  and  put  it  thus : 

A+B,  A+2B,  A+3B,  A+4B,  A+5R 

III.  Equivalent  Proportions  result  from  Law  I.,  and  every  clement  dis- 
placing another  does  so  in  fixed  numerical  proportions.  Knowing  the  com- 
bining weight  of  mercury,  and  supposing  it  to  be  united  with  an  atom  of  iodine, 
it  is  easy  to  see,  by  looking  at  the  table  of  atomic  weights  (page  542),  what 

Eroportion  of  chlorine  would  be  required  to  replace  one  atom  of  iodine,  or 
ow  much  calcium  would  be  required  to  replace  magnesium  if  the  former  were 
separated  from  its  atomic  or  combining  proportion  of  sulphuric  acid 

IV.  Gaseous  or  aenform  bodies  combine  in  proportions  which  can  be  ascer- 
tained by  exact  volumes  having  a  very  simple  relation  to  each  other. 

The  ratios  may  be  1  volume  of  A  to  I  of  B,  i.e.,  the  gases  may  unite  in 
equal  volumes ;  or  1  of  A  to  2  of  B ;  or  1  of  A  to  3  of  B ;  or  sometimes  2  of 
A  to  3  of  B. 

In  the  combination  of  any  two  gases  by  volume,  this  simple  proportion  is 
usually  observed. 

An  atomic  weight  of  any  particular  substance,  when  converted  into  the 
gaseous  state  at  the  same  temperature  and  pressure,  always  yields  the  same 
volume. 

LHfCfc 

1  gramme  of  hydrogen  at  320  F.  and  29*92  in.  barometer,  i.e., )      __,__ 

o°  C.  and  760  millimetres  f  ""  '* 
16        „  oxygen  „  „  ,.  -11*19 

35-5      „  chlorine  „  „  „  -11*19 

In  the  above  it  will  be  seen  that  equal  volumes  give  a  variety  of  weights, 
irio  litres  of  hydrogen  weighing  only  l  gramme,  and  11  19  litres  of  chlorine 
weighing  35*5  grammes.  If  this  arrangement  of  volumes  and  weights  is  re- 
versed, and  equal  weights  are  taken  of  the  above-named  elements,  it  is  evident 
that  the  volumes  will  differ.  So  that  the  difference  between  combinations 
by  weight  and  volume  must  always  be  remembered  in  chemical  combinations. 

Volume. 

2  gases  in  equal  volumes,  represented  by  two  squares,  may  unite  )    _  r--p 

and  form \       '-'J 

3  volumes  may  be  condensed  into 2  Qj 

3         >•  n  »  I     L' 

3  »  »  I     0 

The  like  reasoning  applies  to  compound  gases  and  vapours,  which  unite  in 
the  same  simple  ratio  of  volumes  with  reference  to  their  atomic  weights. 

It  does  not  seem  to  be  possible  to  create  a  large  volume,  or  increase  the 
bulk,  of  any  given  volumes  of  gases  that  combine  with  each  other.  There  is 
thus  a  constant  relation  between  the  atomic  weights  and  volumes  of  bodies  in 
the  gaseous  or  vaporous  slate. 
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Utopian  standard  of  perfection  in  a  new  system  of  notation ;  but  in  endea- 
vouring to  settle  contested  points  on  a  firmer  basis,  they  have  incurred  the 
risk  of  unsettling  everything.'" 

When  two  elements  unite  together  they  form  what  is  called  a  binary  com- 

Kund,  such  as  oxide  of  zinc,  or  zincic  oxide.     This  name  gives  at  once  the 
owledge  that  the  compound  consists  of  two  elements,  zinc  and  oxygen,  one 
equivalent  of  each  being  in  the  compound. 

The  non-metallic  elements  combined  with  each  other,  or  with  the  metals, 
form  the  principal  binary  compounds. 

In  the  following  table*  is  shown  the  nomenclature  of  binary  compounds: 
the  symbols  of  the  compounds  are  in  the  fifth  column. 


The  Compound!  of 


Oxygen 

Chlorine   .. 

Bromine   .. 

Iodine  

Fluorine    .. 

Nitrogen  .. 

Carbon 

Sulphur 

Selenium  .. 
Phosphorus 


Are  termcil 


Oxides    

Chlorides    ... 

Bromides    . . , 

Iodides    

Fluorides    ... 

Nitrides 


Carbides  or 
Carburets 

!  Sulphides  or 
Sulphurcts 


j  Selenides  or 
(  Seleniurcts 

(  Phosphidcsor 
\  Phosphurets 


For  example  I 


or 


Zincic  oxide 

!  Argentic 
chloride 
f  Sodic  brom- 
[   ide 

f  Potassic  iod- 
l  ide 

(  Potassic  flu- 
\  oridc 

Boric  nitride 

Nitric  carbide 
(cyanogen) 
(  Cupric  sulph- 
1    ide 

/  Plumbic  do. 

/  Mercuric     ") 
;    selenide     $ 

\  Cadmic  do. 

f  Calcic  phos- 
(_   phidc 


Oxide  of  zinc 

Chloride  of 
silver 

Bromide  of  so- 
dium 

Iodide  of  po- 
tassium 

Fluoride  of  po- 
tassium 

(  Nitride  of  bo- 

X   ron 

Carbide  of  ni- 
trogen 

C  Sulphide  of 

(_   copper 

[Sulphuret  of 
lead 
Selenide  of 
mercury 

SSeleniuret  of 
cadmium 
Phosphuret  of 
calcium 


Or  <■ 

Symbols 


ZnO 
JAgCl 

^NaBr 


1 


KI 

KF 

BN 

CN 

CuS 

PbS 


}HgSe 
CdSe 


CaP 


I  n  employing  symbols,  the  symbol  of  the  basylous  or  electro-positive  element 
is  generally  placed  first. 

When  the  same  elements  unite  in  various  proportions,  Latin  or  Greek  nu- 
merals are  used  as  prefixes  to  distinguish  between  the  different  compounds  of 
the  same  elements.  Thus  the  first  oxide  of  ruthmium  is  called  the  protoxide, 
RuO  ;  the  second  oxide  is  called  the  deutoxide,  RuO, ;  the  third  is  named  the 
trioxide,  RuO,. 

The  name  binoxide  is  applied  to  the  oxide  that  contains  twice  as  much 
oxygen  as  the  protoxide.  


•  Prom  MUfc*'»  ■■  »Ve«*nu  «*  CA*m\*n.v  *«<av. 
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nooxixrn;  for  tattancc,  hydrogen  and  colorinc  combine  I 
aod.  ■•-'  hydrogen  ami  iodine  form  hydnodic  acid.  ML 

In  the  naming  of  th  he  union  oi  U)  arjarfd  wlA  ■  bMC 

i    iln  tin    acid    with   tin-   lam*t   proportion  0 

wraairut.  -the  compound  of  cu  I  ph"  md  soda  Is  called 

col ■.:.-•     50,;  whilst  thi  Mltoftboadd  cotiti  la)  ig 

iin  .ilinj(  in  ""■.  fli(l\  in  ;j-      i-  ill.    .  ■  »ni]>    m  il     ■!   -til;  hi 

i  I.   Mil;. In  ■  ,.  Va,SO» 

re  ih  tn  one  I  i  -ii  "Mil ■  .  i '  .  more  than  one  cuilc 
mimj  \x!i\  liv  ihr  action  of  at  idi    thr  name  ofl   Ihi    mi  oil 

th<    on  Oi  i   p  op  rrion   ■;  oxygen  end-*  in  9m$,   an 
amount  oi  oxygen  II 
raw  of  i: 

id  the  mil  do  ferrous 

wits,  as  ferrous  sulphate,  FeSO,  t  +;  M,<  >.  amtcr  of  crystallisation). 
The  eni  c 

0, 

■s  salts  of  hydrogen,  thi 

III     p    i  Ami  uli<n  lln  v  h  v<(:  nvrn  <■  ill  *    ict  Upon  ullirr 

itary  look  upon  thi  reaction  urn   placemen)  ofnydrnj;cn      I 

i.  and  mui  h  i  >on  oi  ai  <  ord  m  e  nit]] 
.  .  re  daih  tesirtf 

Miofhydr-'  Icofbcinj: 

rc-pliccd  by  one  «om  of  a  monad  metal,  it  is  called  a  monobuic  acid,  inch 

;  ■?.  HNOj.  the  hydrogen  of  which  can  be 
monad  on*  imc  of  rep 

i         .  iuric  Kid.  lltSOM  the  two  atoms  of 

Itbyiwo*  ad  metal  txn  iMat- 

sWm,  or  one  atom  of  a  dy.id  met  ii  ppa       Those  bo>li 

.  .'.']■.■  h\  ''■■ 

Trie-  term*  IT-  hi  ! .  .iin:    In  .  i,l  ..         ;-.    1  1m  t!i    totC 

. 
vfcJl  '  ; 

neni         ompoonda  wilt  b'fcfc*©*", 
ni  that  lhcy  fatter  >r/y  much  tn  value.    '\\. 
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The  monad  potassium  is  equivalent  to  I  atom  of  hydrogen  in  a  compoud. 

The  dyad      zinc  „  2  atoms  of        „  „ 

bismuth  „  3  „  „ 

platinum  „  4  »  * 

nitrogen  •  „  $  n  „ 

manganese  „  6  „  „ 


The  triad 
The  tetrad 
The  pentad 
The  hexad 


TABLE  OF  THE  SYMBOLS,  AND  NEW  AND  OLD  COMBINING  OR 
ATOMIC  WEIGHTS  OF  THE  ELEMENTS. 


Namvs  or 
BuMBtrn 


Aluminium    .. 

Antimony 

Arsenic 

Barium 

Bismuth    

Boron    

Bromine   

Cadmium 

Ca?sium     

Calcium    

Carbon 

Cerium 

Chlorine   

Chromium    .. 

Cobalt   

Copper 

Didvmium    .. 

Erbium 

Fluorine    

Glucinum 

Gold 

Hydrogen     .. 

Jndium 

Iodine    

Iridium 

Iron  

I.antharnium. 

[.end 

Lithium     

Magnesium  .. 

Manganese 

Mercury 


SYMBOL 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Cc 

CI 

Cr 

Co 

Cu 

D 

E 

P 

Gl 

Au 

H 

In 

I 

lr 

Fc 

La 

Pb 

Li 

Mg 

Mn 

Hg 


K*W 


27'4 
I22'0 

75"o 

2 1 00 
10*9 
800 

II2"0 

'33,Q 
400 

12*0 
920 

35'5 
52-5 

S9'o 
634 
96-0 
1 14*6 

1  I/O 

9*4 

196-6 

ro 

74-0 

127-0 

197-2 

56-0 

92*0 

207-0 

7*0 

24*3 

5>-o 

200-Q 


OtD 
Al  wl 


137 

68-5 

560 

200 
60 

460 

2625 
295 

3i7 
480 

47 


98-6 
280 

I     

!'°3'S 

1215 

27*5 

1000 


Nave*  or 


Molybdenum..      Mo 
Nickel  Ni 

Niobium  Nb 

Nitrogen  |     N 

Norium 1     No 

Osmium    j     Os 

O 

Pd 

P 

Pt 

K 

Rh 

Kb 

Ku 


Oxygen.... 
Palladium.. 
Phosphorus 
Platinum  .. 
Potassium 
Rhodium  .. 
Rubidium.. 
Ruthmium 

Selenium 1     Se 

Silicon  I     Si 


Silver 

Sodium ... 

Strontium 

Sulphur... 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin 


As 
Na 

Sr 

s 

Ta 
Te 

Tl 
Th 
Sn 

Titanium  I     Ti 

Tungsten \V 

Uranium    U 

Vanadium     ...      V 

Yttrium V 

Zinc   Zn 

Zirconium Zr 


Hew 
At    WL 


960 

59-0 

94"5 
140 

1990 

16-0 

io6-$ 

31-0 
1972 

39*' 
to4'z 

85'3 
104-2 

79"5 

280 

108-0 

23*0 

87-5 
32*0 

i37'6 
129-0 
204*0 

M57 

118-0 

500 

184-0 

I20'0 
I37X) 
617 
65-0 
89-5 


CUD 

U  Wl 


48-0 

*9'5 


99* 
8-0 

5PS 
98*56 
52-1 

52-1 

3975 
14-0 

43-8 
16-0 
68'8 

■Si 

59*5 

590 

250 

920  I 

600 

6ft; 

32-$ 

4475 


The  above  is  a  list  of  the  elements  at  present  known  to  chemists,  with 


*  UvuUy  ttuA,  matftaKft  fkataAi 


oMF.xcrArcsg.  S4$ 

in    Minn.,  10  prrit«  ilir 
iv  of  the  name  tic  <i*ed 
lenient;  ••■'■.  1 1  u>\ 

hjilrc*  •  la  llu-£A«rcil  xomesneul*.  il:<  ■  ..iiw-i.i 

■  A;f  for  silver  '.ircentuml. 
I'f>  lor  lead  i.p'Jurribum  .      I  he  lirji  two  letters  of  the  name  oi  ,m  clement  Me 

fatal  befj 
.     i  of  axbot 
,uiih  bct»ren  the  t*o.     The  tymbol  of  an  dement  vfcen 
m  .ii.  bui  olio  i  ■   ■  fi  p 

ik/  1>i    h  nri  wriifht;    mmIi    [ 

<vei«ht  in  "It  m-  l* 

I  'v  l(«  i:.i:!-..  .  im!      k<»  Jiit  exactly  It  part*  \>\ 

n 
.:  lund  of  the  .tymbol  of  an  element  sig- 
me  in    i . .i.ii:-, j  or  iX  I J 
partaofcut-  i  !i>  part»-of  caryrfln, 

lc  by  placing  the  cymbotfi  of  the  elements 

&Ntnbi|{  the  corn 

V.       I H.O 

JO, 

Aim..  H 

Wben  mi.  f  k  compound  Ii ■•■■  ■>>  ho « I--' " «' ■   >. 

4fv  ■  (he  li-fl  li     '.i      '1    lln    far  inula  of  the 

.ml*  are  i  argo  figure  wtiicli 

ndcculcs  ot  water. 

npi.^irti    by  kjimIk  ft*,     The  symbol:   I 
.  wfll  nre  placed  on  id   il"" 

>U  representing  the  change  effected  on  the  otb 

;t;     ... 
i 
■rM  "  -... 

:  .  . 

uimt    DC  li  i 

the  t  :;:    * >  ttand*  for  oi  -  one 

MCii.  In> 

•iUd  be  called  a  molecul'  oi  \%  t*tu  sttnim 

mbl  U       in  li  i  .  Ic  'i    ■  itci :  and  I  ' 

i 
ii,-i 

..,,..,.■  \   B 

ill. 

. 

it*    Anil  he  ptei  a  f.«"  «■  <  i 

i     - 1      ii*  ;  b the 
^cwpcewk'  ibe  molecul 

RACtl 


ELEMENTS  WHICH  ARE  NOT  METAL] 

OXYGEN. 

mbol,  O, 

the  month  of  August.   1774.  l»r.   P  tmpanm 

r  ^Pfrl>*  !■>  leafed 

ipcr  in  th<                                                           io4  discovered  br  Swe&  ■■ 

llf  a  century  before  Priestley.  And  that  there  l£  not  3  parti,  ibtel?* 

in  uippoi  -d»tl 


suriacc  of  the  acrtflJ  particle,  and  tiic  first  and  second  element  >. 

.ll  Spat*.'      TtlCr .    r.  00  pM  .1     !  ■  L-K  WC43 

.  ii  1  .        ■....■ 

evulcri  hi,  it  would  be  speedily  nullified  by  the  fact  th; 

"enboru  afterwards  speaks  of .    ■ 

subject  fniilii'i  •  ih«  only  evidence-  ir:  rapport 

low  that  it  is  not  worthy  of«:  *•»«■ 

Dr.  Pffcsfttej  obtained  the-  lirvi  oxygen  produp  ;»in*e,' 

(the  red  r»\iilf  ofmocoiV  by  hi  Jtemperomu  of?J  it«bc4 

1 !>■  -  1 ). 

LavoI 
discovered  about  an  c  time  by  l>t   1  nc  ith ./.  Mr  "jchcdc. and  "« 

1      1  pamphlet  published  m  1800  by  Priestley,  After  his  ret»ni  to  .Vjw.tw*. 
he  says,  "  Having  made  the  discovert  somr  time  before  I  MS  In  Paris  ir.  lhe 

(■car  1774.  /  mtnliomtd  it  at  th. 
Dsophical  people  In  the  city  were  present,  laying  it  was  a  kind  of  air  tn  »fcub 
■lie  burn-. 
11    n        a  this  ill  :li<  1  on;  » 

(pressed  p  1  I  had  K"  •^'^ 

j<*,  also  1 1 
hang  lililc  ac<|uainl<  d  fis*td  1    .. 

■t  under:  i  laoqncr  said  1  must  wnenn  Ni/ntum. 

■    ■  is  certain ' 

ed  oxygen  from  one  of  the  minerals  of  his  o»n  country 
haiipeneil  to  be  invc.i  I  the  ores  erf menu  1 

■     n 

i  rnakln  '-tirujMpK 

Ivcr,  he  nude  that  which  Priestley  dec 
ipfUfe. 


QXYGMN. 
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Tlic  litter  '  ■!!■  |]  n  Dephlogiaticafetl  Air.    Lavoisier  gave  the  i  Icm«nt 

WW   vbid  iMil.likrannlVici.il  revelry  of  4  bapii n     

flic  pneaeoi  '.iiik-  n   p^vt  •'  id   yewa'ai  t«'  produce}}  while 

other*  tcyled  It  Km  py  real,  or  Vn  kl  Air. 

'moanou  oxygon  gaa  ban  n  I  ready  been  mentioned,  vir..  that 

e  ofmercurj      Thb  may  be  cutty  done !  tube. 

ae  of  the  oxygen    m  i*  soon  rendered  evideni  by  •  tplwi        I 

worn)  1-1  .  ,.!  i       ntd  hot  or  glow  m. 

tmmcdutcly  bursts  into  flame  with  a  toi  I    i  i    ploi  ion,  and  '!:<  n  bun  I  with 


great  bull 


FlG.  465.— ytf  '  ■  ■  ■*£&*  iron. 

mtti  ft'r  hcxlixg  the  Mask  OxUU  t»fM*n$ 

With  reepert  to  the  chemical    ippirtrui  &  I  m:iy  br  described  in  thiv  ***- 
iH>n.  the  reader  it  rcconnnended  i"K"  to  Mr   How,  Potter  Lam. 

■  ■  be  obi  lined, 
1.    Polyti    hni<    nhen    axrgf   li  1 11111  a   'm  ewj  large  AjuaatitiM  li 

■  ■       '-.iij-lii.il   ■  mad  .     .  .  ■.  taatk  ofznangan<   - 

m  »n 

Throe equivalents  of  MnO,  yield  the  n  ■  it  .' '.  ind  Iwo  1  qu 

of  oxygen  yx*.    The  plug  out  nl  the  Iron  bottle,  uid  an  iron  p 

%crcv.  thi»  i»<  emnei  Ice!  with  .1  large  flexible  tub    and,  tirst  bubhl 

through  .1  simple  wash  inc.  .  the  pu  i  ■;*pp| 

gasometer.     Good  black  oxide  of  manganese  It  worth  about  /q  a  ton,  and 

•hOUtd  yield  onr-nintli  of  it>  weigh  I   Of  oxygen   |faS.      It  vny  (arcls    I  . 

■  "  than  half  I  liai  crasntl         Utn<  Polyi    ' 
c  ufslghi  tons  Hie  used  during  the  you  .  one*sfiteenih  of  this,  vi 

>cnl  tin-  weight  ufonyjirti  uwil  in  blifchliieut. 

On  ihr  M11.-1H  «»i  (hi  h'f£<   *cali    where  cost  it  of  little  oonsi 
■  procured  try  to  ou         hloiaic  (cltlm        1  p  n 

the  glass  teasex,  but  mixed  VtvV 


47o—  '  ."••  ■         tit    Treu    L 


In  the  above.  Fir.  470,  Another  box  1*  provided.  CO  receive  any  overflow  and 

■ 
!»rd-     Tliir  <mlmari 
r\a*i  and  lube  or  reiort  conlaii  in^  ihc  vabiiance  yielding  >;.»*,  i%  Omwn  in 

'hen  Urge  iiu*niirinof  oiyp  :'nrtd  for  theo*y-hy>  Htm*] 

tsc  gniscanveniartly  And  quickly  made  train  the  chlorite  mixture  by  pi  1 

tb«  shc<i  iron  vessel  made  in  the  form  of  x  cone :  the  Utter  can  be 
plxcd  CAer  ft  larger  rm\*  of  burning  &l\  Of  on  nn  OpCT   fire ;   And   by  (.ikiny 
tic  precaution  to  pAM  the  ot)j;cn  VSt  throuch  a  wash-bottle  containing  a 
little  slaked  lime  and  water,  1  kTeat  deal  of  the  chlorine  produced  if 
deeotiiputuion  of  the  potissic     htorat*  is  absorbai.     If  Uw  ehloi  M  be  not 


rnrtttftr  9*akt*g  aiuf  rr-ff  jA/n£ 


!i:f    (till,  •-. 

■      

!-£•  up,  and  the  m 

■ 
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Fro.  474.— G**  G*#*rtK  ■>*/.  Ring  Stvuf,  H'mA  Be; 

ami  ki'jj  4*f. 

pi  -ni:i  i)  Sired  has  txrn  tc  ■ 

■      -lite- 

III  .     ,  .  ... 
e  from  tr 

.  .  .    ■ 

.  QUttftft  « 
■*  Ab.'  -  Hflftdho 

Tb»  riEsorOxv 

Tin 
r*s  ;  ncrcr  b«a  txd'K<\ 

■ 
rm.ni    B1  »    riuorirK. 

li- 
my of  lfc>  icf«- 
':-.!    brill 

I  h 

OrtfCtl  <m4* 

ii     * 


ozo 


-iL-Tidrwl  <«jbk  iodars  of  0*5 . :  >  in.  ba  romctcT,  vclgb 

i    ;wi  rolumes  of  oxygen  U    ;      I 
1«         ti  i  rOO  . 
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...  .... 

ii    ipcralurc  <   j;cn  is  a  dyad,  aa  m  H.O,  Ir  Bitli 

■  .i,  .n  i,  ,iml  trllui  -i'  n 

»at 
^resented  by  the  formula  1I,U— tX  instead  of  9. 

.   ..I  the  bulk «  tin  ..linn.. [ihvrr,  tin  1    B 
I  •  of  which  mil 
ry  awn*  pound  1  -/en, 

. 
1  i<      •     f.uH  ti< .11-  1  ;i.!i(i-  1. 1  maintained  without  ■■•.■-■,•  1  ■[: ,  indbya 
ofsluM  10I  thi  blood  lIuouk    the  Nitof 

long;  pn  cd;    am!   : 

hydride  1  in i red  with  thi 
': ' 

I  ■  ■  1  111  .11!. 

■  I         :  ■  ■■ ■■      ■ 

as  oxygen. 
The  a  form*,  such  as  oxide*,  acid*,  basic  (a 

He*,  -l-  s  will  V ir>  r WTi  1  -t  plaoM. 

"r oxygon  are  combustion  with  hydrogen  and  formation  of  v 
11  when  a 
h.  kolutiu  1  1  alone  "ill  no*  diacghtj  pxyjpn*  bul  the 

nl  dctcinii  ■■..Mill  tunu  >  darl 

mi>i  >%  mirir  hi  ,(|,    ....  SO  orith  a  BBtt  nd  Hinii  v 

|ch  axe  readily  soluble  in  water. 

020Ht 

never  been  changed  from  theEaMOus  Mate  1    a  Liquid 
or  •ol»d  It  teems  to  be  capable  of  assuminK  a  peculUx  condensed 

ord  1  dc  11  fi  mi    ha  '  ircck  o£w,  to  ni\c  out  an  odour . 
Clans,  and  Soret  r.ll  maintain  thai  oeo 
_?n  gas.     The  latter  philosopher  capo  land  thai 

as  a  mob  I  of  three  atoms  erf  oxygen,  and  he  therefore  called 

i".*  absorptive  powers  of  ewencT*  of  boa  1 

"■.I  lli.il  !)n    '!■  1 

nr  fi„    Other  teamed 

tli  *  opinion. 
■  luccd  in  various  wa 
;    iwnj;  a  Jcric:  ■  »  .ch  dry 

-ilk  10  the  extent  cA  ma-\*^0u,^wj»- 
aj  cod  if  subsequently  lictlcd  to  a  tcrnycralurt  «A  <&$  * 
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■ 


.[.■.-.!■■ 

bm .  i 


i   i  bulk   in 

■ 

thm  ;'.•.-.  M-flt»  Jifty  ,  Q        Al  p.    »M  SI 

m.i\  b 

vrcfi  is  obtnincd  by  ictmc  either  en  p*- 
i  uglltaM  i'KMi,",        opOD  telle dJ  /.h  iiro*j  wi 

pbu 

3.  A  ctlck  ol  under  water,  jml  then  orpMrd  i»  * 

boll! 
.j.  Winn   (sir   .%  Ilrd  a  w4tamr*rr,  tV 

a      "t  jre  fouad  toecnt.it*  «e«U*n  t\i*nu? 

mi  iodide,  **d 

sto  painted  with  &  bru»h  00  paper,  or  paper  dipped  la  %  1 

sulpl  i  ;H.O.      11k   if  ..l-.c  from  tk. 

ration  of  iodin*  and  lh< 

i  the  presence  of  «  tiobomti 

hydrattJ  peroxide  1, 

unlxriii,  who  ;' i! "    1  «       • . 

f-rn.  dirccti  ih      p*1  pup  .1  itmy  .:  «nr 

part  of  pjre  pota 

!hi<  10  pjtt»<if  *txrch      Thi  >:Ard 

,  UTtiborilcc.iwrd 
with  tin  foil,  in  m  •-  U\  ht. 

Ut.'  tnti  .:!■.:  thr  *«.iac«xr,  bartac  pasted 

Ovw  or  lli r  mrt  |  i..wn.  I|    .ipr*n<d  to  be  deprived  ' 
jpi,  which  is  considered 
nc«  of  ozone  fr. 

cho  |-  . 

I 

M 

it   I 

will.  ■  the 

h  Ifttd  with   •  •  trxiic-atki 

the  induci  it  larour;  of  cioae 

1  the  mm  centra]  teUnd  potkloa  of Oxford  caused  th«- 

■   in.-r  1.  :v.  ijn*  to  be  raudi 

id  Hew 

mh  1 

'lun*Ma'r- 

.  .       . 

btsation  v  .1 

1 


X  *nd  h'  <  rwet*     TU 

air  k  *xid  10  be  pecjudiciil  to  ml  lifcaa. 


•    ■ 


nnrii  1 ;  ■ 
Miniai 


MTXOGSM  *ATMOSf>BERIC  AlJt, 


SSi 


•  eonvrned 
>  whra  ' 
secured. 

•C    Ift   BIVW    ! 

-»i  (lit  oxidict*.  the  *eu 
pmninK  aiif  af.  bleaching  tabco.  &c. 


Symbol,  N.    Atomic  weight,  ia- 


ill    ...■.!    ),:     b  id}    b 
■  _JW«I  ftjy/,  fruiii  it*  prop  Tlii*  tunic 

mull  "    It  i 
ai  r;?,  and  Nitrogen  B 

.     i 
It  wtml 

. .   .    ■ 
the  ceuotion  ol  breatnin*  w*i  tbi    ce*i  uoi  ol 
act"  been i  ni  iH.* i  :  froi    •!.    bod)  mththc 

aainum,"  "  Expiram  *&  m  ira      A  ■  <    .  n  .  tnimd,  h«N  c  -jc» 

nplc  meaning  of  taut^+tMtA,  tvimt  TbeirUftUo*  nehn  I 

minj  **  th<  '  r     k  pnsuma,  vii  .1,         1  Ik-  moit 

con-  •itofpri;><  the  oxygen  from  atmo- 

spheric air,  jiid  when  this  ii  done  it  b  round  thai  11  coo  ktttutta  four  fifth*  ol 
bulk.     A  1.111  0C4WM  may  be  employed  for  On*  |iurjKiMi 

t  plan  it  ;  1  German  pore.  I 

c  vi:t-!f  of  tin-  1  ■•■ 
kitiK   m  -.'.1    ;.  rcil    ;.i*-j  n  i  -  phu  rd   1  ■  a   tnB 

whr»k  ,  x  I 

lid    Ip     klu[>)X      ul    the     ..:   I*  '|'li'  l-l>    Mi"  '   Ir  .t  ex- 

si*n  -  ..  tii.  1.    .1.   the  ,!i  nth  .  ■  .■iM  be    djnuted  befi 

hand,  ,     ,,  ihnut  bubbling 

And  SOftf  n    ol  Ihc 

II 
ihe  ptwphonjj  burns,  prod* 

The  rwid'i  'i 

•  1 1 1 '. !  i 
ni  by  combi  ninj*  »  " 
~Kw"  into  *  jcradu- 

■     ■  ■  ■  ;  .ihiiu-p  in  a 

.fjOninnin  :li.   |>J)n«|i  i  lx-  rrttWrrnL 

and  i  , ,.,,.,.  .  Rod  if  too  mta- 

An*KhfT  iw*  ul  prep  riroj  1  •rog^n  15  V>-  «er  tibcly  divklni 

ittxMic  r-;^->r  .11  a  red  hew.     The  cxjvnmem 

■nc«rt  in  tli 
■ 

j  <2r»dc  and  ammc*/Mm\uA  Vwo- 


TMY. 


...  ***** 


of  niyxcn  .  nr,  it 

uViIij; 

tamn 

.7'  19 

Oiygasji     ....     jyot  acvSi 

tOCOO  IOOXO 

£»  has  no  colour,  tistc.  oy  smell.     Ii  ts  ligkcej  th*n  oxrjca  fa- 

100   I   UUII 

I    ■ 
1  ■  -ouff  remaining.    It  mutt  not.  however, l««r 

lli.il    niln 

;-.,  ,.r  ...    ■ 
■ 

■  ■I.  :n   -  b)  -Mi'-  uf  lli 

nl     dliy  1  tl      :il         Mlli:    1 

Ec ,  and  by  ihe  U»» 

1<Y  of  irn- 
lortnnt  boating  on  the  purity 
.ion  occur t  between  tnc  oxygen,  -nd  mtrogc*  contained'  in  ttnto^m 
.lir,  akh0U|{b  it   It  quite   pouiblc  to  1  :  dat  rhrrr  oca*;  n  p**t> 

.d  i>\  Jk  condctc  1  ..•<.«,  ^ 

lull  1 

Profi       .  1     il  .-...      ■    h   r  n  tl)  u  thi  -■  lo  I 

Sates  Is  in  the 
.  !oi  ;\  pnii' " » J ■ : » "     l|      lill 

parts  by  ralumc  ot  the  -ur  may  be  lak-  ■-«£«  as  folio* 



I  Ow,'.     1 

.'  ...  ,i 

■  1  ''- 1"  our 

J 1 1  > «  .         -        . ) 

Jtmcc* 

hydrogen ) 

■-d  hydrogen    .        .  i  tlal~- 
air  ili:-  /  Sulphurous  anhydride     .        .)  10;,  x» 


Symbol,  II.     Atomic  wxi***,  !■ 

Although  this  article  Of)  UyssvM  n<  ((ectwiiin- 

mpoundj  I  ombiaoti 

1  bo  considered,  ciccpctom  to 

3  be  mad 
nwf* 
fJ»c  nao/c  *o  ft*  lhi*  1*  ike  enk-f  wuic*  U«a *IwAl bjiiroc  mod., 


rmenied  eotitin  ■uturc  taring  different  degree*  ol  pi;: 
..     :        .    . 

nucncsMrn  carbonate  r.nd  ral|  odium  sulphate 

ru  itraWc  qi 

..     \\  hi  n 
ibe  wa-.  rural  hour?' rain, 

;  ihcn  only  certain  Rascou*  mailers 
lied  »ioA,b€Cft':-  a  tbotn  A 

lonjj  tin  i 
ibcn  <•  ■  rates  and  salti  of  ammonium,  and,  if  ncartbi 

.in:  \alt. 
iindi  r  *  u* 

leas  proportion  of  saline  matters  in  solution;  u  is  not,  hou  >>od  lo 

as  spri                                                              Him  rivei  ret  i  w    the 

.  orpaoic  i  solu- 

inic  matter  oirtr; 

our  to  dlvi  ■ 

■ 

■    ■      ■  ■   <i  « hi  ilcftonv 

.      .:;()  of 

other  saltv  in 

JO  *..  -in   •.ofi(liln»i   10  1 .11  tit       p  -trtillv 

.    td  Lfa      pCOfii    gravity  wrin  liltli •.  ; 
pure  water  bcin^  i.ooa 

or  oar  other  hard  water  ts  placed  m  a  still  and  boiled,  the 

iiJrtKfaarcleftbchlnil, .  :nl.  lb 
obtained, 


aaHiihfiniii  lwi*vQnntut*nMMii»n*«r« 


poratxo  of  dutiUinj:  may  be  performed  on  a  very  small  scale  by  luLQf 
Ltilc  Bukniud  iwc  ebeaj  tube,  wwefc  Is  placed  Inn  basin  «  onui  mu  .  m 

if  e  htat.-d  by  a  Llunscn  burner,  awl  i 
i  a«J!/  0/  freah  dmiMed  water  for  any  ar.a\y  uc*\  oV*4^3**  "*" 


Ki'..  tfo. 


tiueted  tm  a  BKidmic  keale,  ui 
%ilh  n  vtr  .  «c4  » 

readii-. 

no  iamc  or   ubkJK.  »  t* 

calour<  « ticjii   uksa  t^wtt*  » 

paitii  <tid   pc 


/ 


Taw//  7i«  *r  ^'cy^rr  ATrYT,  wr'M      FKV  *?S 
WV«r  7  tit*,  A»  V  AfitXs**/  <  \  .  ««- 

it  b  invaluable  a*a  lOivcni.  and  no  laboratory  is  complete  wtfhout  apnpf 
t)  of  it  stored  in*  '.red  bottle* 

l«r  i4  the  standard  to  which  the  rpc  .tic*  of  other  U>#* 

id  solid*  arc  rvfrrreA 
Under  the  ordinary  prr- i  toils 

r.tjjin 

eh.-  steam  dot 
water  arc  grcu' 

9  bee  i 

ted  that  he  had  made  vra»er  bM  eaM0 
The  C hi- in      i.i    fn'fMiianof  WOH 


U 
an  voltaic  clcctrtclt)   it  li-.h  '.-.-; :.    >Uo*-« 


Fn 

r4  r-*^ 


>*li     i   •  iibjci  [n  I   in  ::  |<: 
ek-i 

■  i  if  ihcy  .si. 
eliminated  «  j 

.  ■  .  i.   tit, 
Kt  | 

tana 

■ 
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rrr  Art  of  deeompc*in*  water.     Jf  Mc*m  i»  rawed 

ed  hot  iron  bonnes,  the  metal  unites  with  thcoiYtcn,  and  the  h>dxogc."t 

,l  ordinary  manner. 
0)  the  cacctri  <    (park  iijutcd  through  st< 

Ipaccd  i  pro  gatet. 

ntf]  pellet  of  bo>  nped  in  blotting-paper  and  thrust  under  k  im 

l  hvdrogen 
.■.■..  . 

),  win.  -d.   A  very  small  piece  should  be  used,  «  the 

IptiSltKjri  IK  Mil"*  with  cxplotin 

iconrmoni*  it  br  acting;  on  sine  trith  dilute 

|ric  acid.     I  he  probable  metallic  charact  i  I  well  illus- 

i  because  it  i»  displaced  by  i  .  sulphate  o  tanned,  and  the 

(cnoeipi    mi    ,         couisuitt.  The  change which oc<  <  Uincd 

foUoving  tuple  equation; 

H,SO.+Zn-ZnSO.+  It, 
Iragvn  when  aW-iuuk  pure  w  Tree  from  colour,  butt.  Of  $ttM$l     It   i 
htest  of  all  known  substances,  beinn  almui  fourteen  Idxhi  lighter  trun 

■■.lid-l    [li  in  ... 

o  in.  liar.  Heigh  -  ■  i  y.  line)  <nnw 

"    ball •  ..'...■■■:  .  wiih  ih.u  of  hjdrogen. 

■rp-bul  Hated  with  thu  gaj  me  »Hh  great  rapidity. 

IrOgCTt  i*  Ci;m!..:  mU  <    ..  ..:    ■.    ..     CftllCtj    b)    CAVCftdJ    !.  "  ;.jtl.imr;i ..f.lt     .    i 

wng  taper  is  extinguished  when  introduced  into  tkil  p  '/gen 

died  a  -  supporter.**  and  hydrogen  a  "non  supporter,"  of  conibtr 
Uopiciitun  on  I  10  the  icM  of  a  lighted  upcf,  as  4  jet  of  Oi 

c  burnt  in  an  atmospherv  of  hylm  :<  n,  ju  .i    1 1  :h     Latti  |   ..d    bum  in 

gen. 
i  cfcmnit  when  inbal  the  voice  io  Iwconie  vjumky      Ii  it  not 

ean.  thougb,  of  cnura    it  mn*l  he  remembered  t!:. 

.  and   would   certainly  cause   inaen 
rtity. 

EmBUINO   W\'iJK.-   Wlu-n  two  volume* 
arc  mutd  with  rive  oi  atmospheric  air  in  a 
_la»»  tube  provided  irltn  two  platinum  wires* 
tgowr  merenrr,  called  an  "eudiometer,1  and  the 
Ibparkp.  tinum  wirf^,artash 

t  tal  nd  cjpon 

art  hri^in  i  f  in  en   ii.   :iu-i  alwayt  :*-  1.  Q  in  Iht 

deaof 
)e,  and  the  bi  to  foui 

.  trfl   aftrr  our  mr-i- 
. 

kay  be  varied   lr>   iv   i;  m;  two  »i> 

.wilhn.tr  of  in.  £tWi 

lowed  to  pa»  into  q  tctt  strong  vessel  from 

been  carefully  removed,  ind  when  lull 

pee-.  •-Itctric  spark   wtu. 

een.  but  little  <•• 

- ifrcnt  rimy  b- 

lyvn  again,  i'H,.1  (.'  •   ■-!:.  ■-■    rfl  Mid'-:1,  tnmvfcl 


H. 


(to,     ,1  /*ir 
Mi.  EtiffUM 
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drop»of»  rrttronxm  the  eelebmed  Cj»Tt4A 

ij-s  called,  after  hi»  nann  h  bottle. 

A  )ct  of  hydroRen  K 

U  i    lin ■-.  I  (l  IDOVKtf*. 

■ 
I » -x     i'  -|i-  :»o  the  bites  of*  tw*^*:i 

•:  bi» 

I  vecy  uutracBv-  cUs  tijff- 
BMBt 

Tie  combustion  of  h-nlrvgra  and  oxyv 
dix-  li  already  b«o  allvW  » 

Tin-  .  wv  Lvi».-,  ■•  induaV 

presence  of  far 

Kll    *ll<   M 

i  :        1.    I  1« 

Itoct  the  corabtBulk' 
drrtgi-n.     Id  certain  eft* 

1  uwal  to  a*.-*:  ibc  bal  bdfrre 
fd  cases,  s- 
met, 
irpnicni  form 

Those  troughs,  at  their  i  -r  *Unl  *& 

mercury  instead  ef  water,  because  many  jjxsci  ire  sulu'tilc  Ui  llic  Unci. 


Fl      4Si.  -7IV 

■ 

■     ■ 

.     .. 


Fia  48*-—  Vdri**$/crms  */  fa  Mtirnr*tl  Jrn*&* 


There  it  ti.iV.  :  ovygra  aod  hydroG^n.  < 

ot'  hydr  tapoMi 

[UlCkly  change*  into  oxygen  And  tralcf ;  her.- 

ihrcc  permanent  gve*.  oxyjprc.  hydro;- 

■unify  be  ■  .ading  lo  ifcc  fitY  tfeetrua 

wadt  of  tutiogm  and  vkj% 
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i  idr  by  healing  dry  amnio- 
NK.XO,      -      WiO  HH.a 


I  four)        :.i      prepared  h-y  hcalisig  COD] 
dil  atactwiih 

... 

c/  tftv  i* 

,  ■ 

irf  iilvrr.     Il  t> 

CI 
Kocid,  the  monohydrat*JJM)».  ol  which  ico  porta  contain 




I 


100*00 

IC  of  tr  portant  acids*  or  rather     to  speak  icrordinp  Wi  modern 

i  ted. 
ng    ufpburii  ■  easily 

prod*  of  the  *w. 

►owcrful  owdiiing  agent:  ftw{||s«t  Arctn 
itl;  v  i-i-i-   wlii 

I  tiij    || 

1  in  manj  i  anted 

n'ti 

:     prodai    <i.  and  a  wenr  »uon>: 
rlNO  of  1*517.    On  ■  ■   icalc 

Li  bused  bccai 

:dt  mne  per  cent,  mo 

ipmilion : 


11- .  -,    nitrate  •ulphnc. 

f      it,  i),     +     uno,     + 


The  <nta  ,U.   .in..r ..-.,  .1  c;"n  cotton 

10HKU  t'rent.ce  and  Co.Moui, 
«».<h  f>"  ■  ol  the       "   Ing  ibly  docribod  b» 

|{M>cc-irrr 

1  tire  iW  gun  cotton  has  ever  been  c  1 
•  ic  but  few    n  ' ■■)'•  :n  uli 

the  iiutnni-T  in  which  the  materia!  1  mid  !.-    <m  ;  ttrrd,  it*  nvinu  fact  ore 
'n  ap  to  •' ■  hi     li  toucher.  n<  -.and 

■rion  oo- 
w«  attributed  by  the  jury  to  the  spontaneous  combustion  01"  the  c 
-nirrofrcitttc  v. 
*bkb  bapfKTMd  to  be  on  huxle  at  the  IUM  bring  lawc-V 


ranee  also  •hcmanufeciurc  was  Abandoned  tbeFraoS 

Ccmmilipfl   beinn    unable  i"  BfOdaOi  nal   prusctsraa-  ih- 

tumoffttr 
token  up  *" 

>-, wsrn beoqg**  •<      •  ul  rthcUci 

: 

■.  where  a  •    ■  ''.inJ| 

i  Li 

d  to  be  use  should  be  nicrcd  • 

[B69  being  from  ttkAl  due 

■ 

these  failure;,  hotescr.ta-:  advocates  of  jun  cotton  -and 
v  1'iofcuor  Abe*,  the  director  of  the  chemical  dcyurtmea*  ot*  onf  Wv 
OtHo.  '"ir  rc»iear<hc«;  and,  'hxaks  to  tbrtc,  tin  mim£« 

Q cotton  h;n  been  very  ^Teatlr  improved,  ar  -labUsied  •©,* 

I  than  ever.    At  the  present  tune  gun  cott .<. 

I  IBXUf  .    a:  pi  :  ffJ 

barn  Abbey,  and  the  other  thi  work*oi  'tata* 

ami  :  narket,   i  firm  who,  bj  thi  illHi 

raanufartunnr;  ftcak.  have  rinnr  murii  to  bring  the  gun  cotton  n»*r.  lirxjretj 
its  present  state.    The  two  chief  features  in  the  processes  b*w  foOo*t<*« 
distinguished  from  those  carried  on  by  Baron  von  Lcnk,  are  the  put: 
the  cotton  after  iu  conversion,  and  the  adm ■-.  til  polp.  In  wnic  ease* 

mtbacfrtain  proportion  of  plain  cotton  pulp,  for  the  purpose  el  retard  if  c  <■« 
charges,  or  diminishing  the  rapidity  of  their  combustion.  .syr» 

.   .-i. ,  foil,  m  iti  daring  the  numufaj  lure  of  th.?  oottoa  mil.  I  view 

explained  by  a  description  of  Measr  i    re's  works  at  Stowmarfcet,  «n«4 

«c  I'uw  (••  rive. 

u  Tin*  j;i 
on  the  outski  I  Di  n    il   •  towmarket.  by  the  side  of  a  strea 

furnishes  i  ;  purposes,  anil  also  dmes  a  v*W ' 

wheel  by  which 

distinct  divisions,  one  devoted  to  the  marl 
iHher  to  the  production  of  canndces  for  small  arms,  tht  i 
kiions  common  to  both  department*,  where  the  conversion  of  the  eoWoaan*, 
■it.  ■  pulp  ■ 

"Then-  isle,*  Feemwrtl 

mi  nairni  vnci 
traduced  the  «w 

tlvv  were  more  readily  penetrated  by  ibe  ■ 
to  cake  into  a  mass  wH-ii  immersed 
m  almost  any  form  »n« v.  msnafaci 

the  process  now  followed  ensuring  inoraqrii  eon  version  in 

I  i    r..*  mi:. 

II  in  an  alkaline  tolul  ii  -i  .-al  machine.  .i> 

After  the  second  b  .1  -  again  nim! 

fi  j;al  macti 
partly 

rfie  ctaffietfi  has  to  L  \o>-.«i.  - 
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•  iit  iS  o-  ■  nrr.ilc 

■      LfC.  A/Cofli 

.1  ax-t!  In  rcvat 

....  ■■  .  . 

-mictnars  At  Mo*  market  Arc  vrorlcd  from  i  hori- 

K*Ul    ■:■  ■■      pU<nl  <  I 

rrnntfed  Ten 
Ike  ■>-•  wheel  oi .  ic  betnc  connected  directly  by  k  belt  to  the  pulley 

machine. 

t^hed 
otf  »    i-  idb  into  charjee*.  pi  befog  pi;. 

j.  pasted  Into  the  •  beet  each 

ir  nimiiH- 

■ 
:  <-i  i  tin.   aod,  chii  being   ill 

Iwec  daya — before  tin  placed 

icraon,  the  charges  of  cotton  arc  strained  until  ensh  contain  i 
limes  its  w?iflhi  ind  each  charge  is  then  placed  in  an 

eanK  cred  down.    In  order  to  i  lytscatbii 

cotton  from  la'  •  .  'he  j.ir*  contatninc  it  ari  arranged  in  a  kind 

shallow  trouRh  ihrouph  which  a  current  of  cold  water  is  kept  constantly  no 

-non  i*  effected  i*  vcmi 
by*  \li*fi  in  wliVIi  in  artificial  intn -nt  it  m»i  but  tllf  iriinht 

scarcely  be  railed  pa  -lodbtful  whether  the  fumes  arising  from 

npk     I.  !:-<•,   ,!  i.s  . i -,.:k- r»f  flue*  Connret«l 
*il>»  thr    shaft,   and   .irr.inucd  W  ak  In  dnvr  nfl  ihr  mr   fioftl    tin-   floor  of  the 

room  close  to  '.tic  batfa  in  which  th  1 1  i     ysicm  of 

t^cn  advocated  by  Gciu  ral  Monn,  and  has.  we  believe,  been  fi 
Ear  emac*. 

actxm  which  tak«  place  when  the  cnttcn  is  immersed  m  the  mixed 
ncn  pure,  is  one  form  of  cellulose,  and  Is  an 

'  ing  Crf   [I;  i;  '1 

iiyitmjpen — limit  combuatjbli  lent* — Sweet 

with  i ;  oxygen,  its  composti  -resscdriy 

■  KlluO».     Kitni   n  hI.  on  ihc  -niu  i  hai  il.  u  aft 

And  it*  Action  :i«ili  rapid 

not  onlv  Dfei  .  trot  a  portion  of  the  carbon  which 

In  re  oi  gun  cotton  .  In  M  id  of  the  acti 

■i  \rf  heat,  care  i*  talccn  Ed  :ilj»iract  any  heat  as 
;,  and  the  action  of  th»  vac 

•lie  hydrogen  bcinj:  oxidiied,  and  the  enrbon  being  unaflcc 
■  . 
d,  jiv:1  t \te  p«ir;  hylhi     ■    r*r  ii  that  of  intensifyinj 

-.■sofbinR  the  ■*  ll :l«  wfth  i  tJh< 

i  diluti  ,. iter  set  free  by  the  action  d  the  i 

I 

1  ojB.ii  i id,  of 

mat  ;-  iccsl  ami 

,.  mrfal  fwidiatnif  agom    mbom 
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CHKAffSrftY. 


■fid  ■  and  I  iocmW  j*  iW 

■ 

upp 

.. 

■*d*  MpOO  thf  rtlC^rt 

id  upon  '  /f  tlic  cct 


■  I 


■  0  Of 
*nWf 

U  ■     • 


■  an 

i>ioo.  there  an;  four  i  I  <un  cotcon,  cadi  c; 

frouoid-v 

Iphurii    r 

i 
tliiti  1<  in;;  rltn>  <  tjii  !  >  i 

■ 

i[  [|)C  I:  in.    ■  I 

.: 

<unv<r^ion  the  cotton  is  no:  IkjI 

tn>  i  the  proponm;  4. 

"  Al  Stew  ;xi«d  lo  : 

I 

■:  ill 

ing  inxcnrac  ii  in  plunged  w<MenJtj  «4k] 

ihe  2un  cotton  pL»«  i  ..    . 

Iitnr.         !  , 

■   called,  is  to  <  -ucWcn  *rn  uuN 

of  Ike  I  :  hi  .  avoid  ibe  heating  and  ii  oao» 

which  would  Cukrpl-K  eottoa  wee  tnurrnri 

)  In     :     r.  inov  il    from    I 
dried  In  a  cenuifujMl  machine,  a  ^<1  then  placed  in  ;i  bath  ihr 

: 
dried,  placed  maw  i^riwl,  thr»*  I'trnwn 

I 

t<  in    ■  .  il    Ii  :■  in  tin*  i  i,:'i(li  luttl  -in        ! 

L.ly  :,.r  pulping,  a  process  vhicfa  i»  in  itself  i  washing  d 

>rbi  i»  d- 
vi,  of  which  Lbcrc  -ire  t\ 

irM  itaeoC 
i  U  h)  wrh  rwriBi 

1    ■ 
1 

<  effected  byaaunbi     i 
attcd  in  ■  :-:<lcn  budding.     L*th  itw 

in  a  small  ua  i  -  hie*  it  ii 

cftjqpB  on?  «fain  muntenvi  i  ' V V*  v*le  chiect  o I 


die  pals  is,  'M  (act,  to  enable  it  to  be  Accurately  weighed  out  into    :-irn^ 
this  weighing  h/is  been  effected  it  is  kept  moist  in  all  Mages  of  its 
lulacturc  until  it  is  subjected  to  the  final  drying  process. 

charge*  arc  first  hand-pressed,  and  arc  then  subjected  to  I 

v  the  aid    i  ma  1 1 ■■•  band-pressing  ia  effected  by 

)ys,  as  follows:  Lach  charge,  after  being  moistened  with  water, is  transferred 
from  the  tin  cup  containing  it  into  a  cylindrical  mould    r  mi.,.  rnal 

diameter  of  which  ii  equal  t>>  '''.'meter  of  the  intendc-rl  charge. 

At  tint  these  tubes  were  made  solid  at  the  lower  end;  but  it  was  found 
the-.;  ulp  charge,  when  Introduce     kite  Mum,  formed  a>  Ida 

■■•.  brlow  contained  in  the  tube  became  compressed, 

under  the-ve  cuxumstanccs  it  was  found  hnpusvhlr  to  get  the  ■  uirly 

ti>  tlic  bottom  of  the  tube*.     Thin  difficulty  bat  been  grit  ovrr  in  e  i 
"ljemoui  manner.     Initendof  the  tube*  being  made  completely  closed  at  the 
end.  the  latter  is  perforated,  and  the  solid  bottom  on  which  the  charge 
is  formed  by  x  piston,  with  whn-h  MCfe  tub   it  fitted.     This  piston  it 
■•d  with  a  rod,  which  |  p  through  the  centre  of  the  charge,  form- 

ing a  hole  through  the  latter,  which  enables  the  charge  to  be  ignited  from  end 
uend  by  die  flash  of  the  portion  first  lighted.    In  the  case  of  charge*  the  dut- 
coed*  about  l  j  in.,  the  pistons  of  the  moulds  are  furnished 
two  rods,  one  of  these  forming  the  central  hole,  and  ih  i  hole 

iii-i  the  eircunilt     n  e,  in  which  the  end  of  the  igniting  fuse 
"  To  n  turn,  however,  to  the  process  of  pressing:  the  piston  being  fust  placed 
the  mould  and  pushed  in  a  small  distance,  the  charge  is  t a  mined  in  OS  tB> 

piil  .:,  and  ihrn  on  the  piston  btinj    lown  to  the  bottom  of  the  paottld 

by  the  aid  of  its  rod,  the  atmospheric  pn  n  ttt  00  the  tupuf  the  chaige  causes 
R  to  be  carried  down  in  close  contact  with  the  nilton.  A  hollow  plunder,  jiri- 
toratod  at  the  bottom  and  sides,  is  next  placed  in  the  mould,  the  end  of  this 
plunger  having  a  hole  or  holes  in  it,  through  which  the  rod  or  rods  of  Ibo 

platen  can  p.v  .;  end  the  whole  Es  then  placed  JAderahftAd-lorer,  bywhid 

the  plunger  is  forced  down  on  the  charge,  and  the  latter  comprested  to  some 
The  charges,  on  being  removed  from  the  moulds  above  described. 
subjected  to  a  more  severe  pressure  by  steam  power.   T«- 
ted  for  this  Duroose,  one  of  them,  which  is  used  for  the  larger  chai 
ru    •.,  |i  fitted  up  hydraulic  press,  and  the  other  somewhat  rescm 
<g  machine  in  its  general  appearance.   The  slide  of  this  latin  nadi  nc 
of  carrying  a  cutting-Cooa,  la  fitted  with  three  plungers,  which 

Xn  rjrh  charge  successively-     The  charge  to  be  pressed  is  placed  in  a 
cal  mould,  carried  by  ■  boruontel  citculai  tabic  ha\*ingan  intermittent 
rotary  motion      By  one  movement  of  this  table  the  mould  is  brought  under 

irst  plunger  of  the  slide,  which  partially  compresses  the  charge,  on'1, 
the  return  stroke  of  this  plunger,  the  further  movement  of  thctablc  bring*  the 
charge  under  the  iccond  plungi  r  which  on  making  its  next  stroke  complete 
ompression.    A  third  movement  of  the  table  brings  the  mould  under  the 
'■  plunger,  which  on  its  descent  Ibroel  E&fl  charge  out  of  the  mould,  tin 
Utter  having,  by  this  third  movement  of  the  tabic,  been  brought  over  a  hole 
h  the  false  bottom  of  the  mould  and  the  charge  can  pas*.    A 
ih  movement  of  the  table  brings  the  mould  into  a  position  where  ll 
.«  fn  \h  charge.     Thf  moulds  and  plungen  are  formed  so  a*  to 
Use  escape  of  the  water  expressed  from  I  lie  charges,  and  the  revolving  tabic 
supplied  with  several  moulds,  %c  that  the  processes  of  partial  comprcsi 
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i  c*rr| 

"  V  »i    rfli  '-{foot 

1'wf  <pf   Aft] 
i  i\  i  nil 

one  .lbnv      :..      ■-'   u  ...  .-.       :l  ■ 

D  which  the  pfesror  ;d,  aad  t.  )  ibM 

i      ;.  Ol  ;im    .  I  crCamed   10    ,;• 

i.tl  prewntry,  feodl 
:irc  capable  of  bciri  movement  ciul 

.      :      . 

ily  bear  upon  it.     Tl* 
app«i 

thr   lmW  in  i  i  ■    .   i«  brai  ,■ 

rs  wth  the  second  Wn. 

.,:    ;■. 
by  pum|>*.  worked  by  a  sm 
;rs  enter  the  holes  tor  .  and  00  Ucw 

■   .I  extent     rhe 

rxccrfo  U  !»• 

tl  then  mn  on  one  side,  and  a  box  furnished  *«h  a 

■ 

1  to  receii  The  pct- 

■ 

.  and  Ihr  arrangc-i..  -d  to  be  a  MfT 

Mi  i   ■■  one. 
■ 

with  a  peculiar  kmd  of  |  >  Ihim.'  Tt 

manufactured  by  Messrs.  Prentice  on  thcr  o»*  i^^H 
4j»  ihceu  .onds  ca  the  r»arf*o 

M  -'l  (  l*hc  paper,  ajfcc 

subjected  to  the  action  of  the  acid,  is  ImmcdiMeef  washed  vj  ohn 
II  conuirn; 

il  vellum  -trmpaj- <     ■    i 

■ 
loot  difficult  to  believe  that  * 

ns.  'I  he  art  d  around  th 

and  aeicurcti  by 
by  it" 

iter  being  eov  :i.trgei  arc  rc*cV  for  tS>;  4rol  proe. 

'  this  dryiar  n  effected  br  th«  aid  of  stenm.  H 
altarnc  litOc  distance  from  the  sheds  in 

H#e  now 
i        i  •  ■  n.    :!.  i    I-     ..■  ■    !„■  ti  ;   fill    d   with  US      il»rt  <  f  »•-.-<    -    ■  i  whi 

rharyr%  to  be  dnaJ  *«c  ;  •' 

i*t»«n  them.  In  the  ev* 

one  rc**cl  bccemlitg  ignited,  ****  ftuT*  '■^  WA-  **  t*ttaBuQi' 


and  I*  placed 

VTiuftttl  fen  boroai 

lie  caw  of  ■   ■      ^  the  pulp  is.  >  ' 

ry  *evcrr 

ibtained  in               balk. 
turcd  by  the  proccs*M  now  followed  at  Stow- 

posseiv~                                              '^aii-vi  ..  <i  as  that  of 
'HwW;  and  tin 

explosive  in  ii  .  «hcn 
■ 

«ftcraU  aVptk,  a  y."i.                                                           ■  ■   th  th<  length 

I  ,  hits 

,,l     I      :l,|.     i    ■  ■  .  |     ri- 

n<\      Their  i«  'Kn  miff 

pectaamon  eflfedhfe  ea> 

--.  thin  gunpowder.     Tbna,  Co  break* 
. 
lk<  to  near  the  centre  of  the  boulder,  if  a  gunpowder  chat , 

tendency  Is,  If  the  btodi  >mcal 

■■,...  u    I  ■ 
hxrj-e  u  placed.     With  gun  cotton,  however, 
civr  .    ■  ■   id  ihai  n  i  icrti  i  \- 

Thu  rfiVct 

*pj»  .  .        ;.  ti- 
tle ihc  c.tu*e,  ie  Es  an  effect  rhteh  I    foon         u  in 

-.  nlu  ibl  '       i  tpjarrrinj-  purp<   i 
There  arc  ircomstano  ition 

'gwno  most  any  rate  of  combustion  may  be  obtained 

_u«m,;  •  of  heat-giving  agent*. 

h  of  pun  cotton  yarn  is  fired  *  irandescent  charcoal 

■g  fpurk  at  the  end  of  a  piece  of  tt!  i  r    aftci  the  riamc  is  blown  out, 

tjuib.        If   '   M  flai:iv  ■•!    Mi 

ii     the  gun  cotton  purr*  off  with  the  usual 
ofcosnbu     on 

:;i     i    inil)ii--i(in  ■•.■>■■  Urvcl   In    ■  i      Ml;     iilh  f-il- 

!.■■:..  eondu  ird  by  M 
market.     i.oov  aid   by  ti        . 

:h  name,  little  orno  • 
■  the  gun 
feoftcu 

conferred  on  the  gi 
in  a  loud  n«  I  will  then  Mow  down  the  wall  or  wooden  fencing  with 

lere  are,  thm*feuv1  thrcv  ''-^tinct  rati  nation  belonging  to  gun 

h  are  determined  by  the  nature  of  the  fin  mod 

o  burn  alo«ly.  Eke  j  p 

mixture. 

k 


_t  I  vivc  povwof  fiiinu rating:  mere*: 

pi-   :  ncc  bclonssnir  to  trinkr 

posed  to  have  at  least  ten  'Antes  more  explosive  force  thnn  fcunpowxler,  &n&  a 
•o  dangerous  thai  :^r> 

stance  th  »t  no  railway  or  ■'■>  idb ii 

prepared  froi'' 

I'Vgrjpccfii'  »yuVr>gen>.-ire  rertiaccd  by  Over 

mg  another  remark 

the  f.-.rt  that  i  .in  nitro, 

iv,  1S6G-.  giv<  --  th:  1 

■  -1    ■  '1  jjuil  COD 

by  Mcwrv  Thorn  1  Co.,  at  Stowv 

the  manufacture  of  the  jpan  cotton,  the  article  o 

lound,  the  party  set  ofl  *.  Ai.frr 

thorn  li  .m.ill  'itf- 

wive  with  q.  >  '  i"  Mo*  down  palisade*  or  break  up  trunks 

of  trees.    Ai  iIk  M  -1  expe  Use  of  gua 

1  n  "I  ■'  Irrc  lslclj  1 

ordinary  pie  instant  ctf  i/n 

flame,  and  sai led  merril;  root  three  seconds  i 

Combust  i  ii      The  pi*  prodniv.;  lifted  it  up  Ok* 

about  half  the  quantity  aj  -im£ 

dct'  up,  sudden  report  was  heard,  and  the  st  ':«ud 

on  m  .1  ■•:>•■ 

th .-  1  wtgi  of  the  hi  -  by  suffered  severely.   On  leciunr  for  a  new  1 

tra  1.  which  had  been  torn  out  of  the  jroead,  and 

■d  amonn  itt  EoatM  'I" 
a  cl'  -•  .       Oni  e  discs,  about  1  Ih.  t  o  -    'rcordingly  pU.-t  .1  a 

D    nth  of  .1  tm. ill  cave lli  Thcgi  wji  not  batstst 

in  (he  maa«]  bul  ,ri  y  laid   as  it  1 

The  gentlemen  present  retired  to  what  they  considered  a  safe  distance,  above 
n&y  yards.     There  seemed  to  be  som 

th  ir  -<>  snail  1  nu  iried 

in  it'  Purely  not  when  it  is  only  laid  on  the  iloor  of  an  opening.  The  too. 
•uplosion  ia  anxlousry  awaited.    A  man  bgfets  the  fuse  and  nni  foi 
Bo.     There  is  a  little  emolo  cotton  burrunr  as  the  fint  ample  *!? 

Wfi-i  .1  Hide  yet.     The  tube  has  not  Riven  its  sharp,  cracking  sc/_ 
mo:  and  th»  rath  through  the  air  0/  matio  d 

wood    overhead,  right,  left,  in  front,  everywhere!    Sol  ■   «•* 

i»e  under  shell  fire  ducked  to  dud^c  a  Wg  lump  of  Vu  * 
tint  »jira»x  iixl)-faui   *.  '    root,  Juki  .  1- *:i-£  thr  hrad* 

It  was  only  for  a  mom.  n  **bB 

had  i  ly  been  shattered  to  piece*. 

and  Erinniiij;  countrymen  •:  "We  hope  you  II  - 

'em  bo  for  ut.'    A  huh  had  sec  J  a»V 

over  1  h  to  ace  a  row  of  pnV.idrs  coenpo- 

nks.  some  o/them  18  tn.  in  diameter.  an<:  4 ft. Into ti 

1  everybody  hod  been  a  l.ttle  more  corefaJ  about  lis fcr« 
eij&r%  forgetting  that  -•  -»en  a  match  u 

another  Au^ttecr\tu7fc\*ivw3&^0»e!  pilinrlt 


and  -rotten  its;  laid      W'im  com  i  t  vrith  .1 

nwjraeac  ap\  re  arfucd  to  a  detonating  tube,  which  <ra«  placed  In 

«on.    *  Bu  I  -ill  deto- 

■    ;      i.f ;  back 

1  good   i>o  \  Afd$,  i  1   too 

Tin- time  d1  short,  and  iV  1  ttli  1  vta* 

hc*r*l.  -•*  v«'n  t  .  .. 

mbent  trunk  upon  which  th«  lid.    llicpUi* 

sades  iberaacNc*  were  standing  though  a  go< 

fettach.     But  there  at  ill  remained  a  lone  space  of  palisading  yet  untouched* 
and  here,  intend  of  5  lbs..  1 ;  were  laid,  partly  built  on  each  he  c  vcite 

mow  bevan  to  iaercaic.  It  was  the  old  story  of  the  target*  and  the  cunt,  and 
topic  mk'ht  hare  been  found  :  Fuse  and 

«nre»  were  placed.     Kvctybody  retired  to  a  safe  distance.    Man's  nervous 

id  :i  i*  not  :u  be  wondered  al  thai  the*© 
in*  of,  *  Plcaac  I   "     ■  ju*t  when  voii  ai»  going  tu  ! 
*om  pot  two  w*ood  bank*  be  apected  explosion, 

Hyjhl  tne  grateful  sin  ditch.     AH  were  tij 

irp. 
-rash,  so  unlike  the  dull  roar  of  gunpowder,  and  tl  ■•.  re  could 

be  no  mistake  about  the  effect.    Hupc  lo$*  were  seen  perform! 

■        . 
it  a  couple  of  feet  square,  bounded  like  rabbits  over  the  field.    Men 
of  science,  officer*,  coimtrv  gcMll  ipWint  were  u>on  spread  1 

the  ploughed  field,  each  striving  to  be  first  in  at  tl 

-pearvd  to  have  born  tranteudo  1        1  .  ea  a  trcc- 

trwnk  had  beei  light; 

<i  w.i*  run.  In!,  «)  thai  it  rouh    h#  [in  I-  il  to  nil      -  b) 

the  h:md.     Three  Ion  had  been  cul  down  or  sm  kar  that 

ruxkadeor  New  Zes  Ihsund  suehdei 

.;it.      Kxci.im.iin--..   of   i  :   uapreaaiona 

1.      *St*p<n'.  ■"     'Ptodicioas!1     'fcxtrai     linm  iiam" 

this  had  been  done 
lbs.  nf  tin  ■    (baquani  !•  made  ip  into  • 

ootid  be- cam  e  by  a  man  at  a  n ■:  fie  ends 

of  the  two  wires  as  they  unwound  from  a  reel  kept  In  .1  position  01 

No  fiw 

"und  to  perform  such 
ili  si  -1  in  in  ovi     •  .iitigcs. 
i'ic  of  Run  cotton  round  .1  living  hn 

mough.    The  expert 
mcoM  ..:  e  ovn   fi»r  ihr  day,  and  th<    i  ed  to  liiml. 

that  '  -  molt  marvel! nd    v 

tint  v*cp  toa  whr-i.  I  novelties  u 

■  ■ieathctr.inridr.il- ip  in  <A(.dgunpo 

sad  all it!        1     1      refinements  in  the  tt>  Gotten*  n»  cowi 

lac  1. .!!■  wi  uscdo  " 

fM>xA  Ctarwtt.*    '• '  1  have  seen  a  man  who  com 

vi-nthuuD,  to  whom  we  arc  indebted  lot  l\uc  tO.Vv*V.v, •. 


I 


rvfttinu  monoi  mdum      'I  he  wi 

who  £0                        '    i  •'       •'•  h   '  twelve  yc  I  .-air* 

■boot  the  yeai  ">:•• »in  I  »  •  m*"  ; .■  "'  !*  Tro*j* 

^n  it h  the  venerable  I !cnr»  Jenkins,  and  hcartl  1. 

■  rid)  ■..  <    in  .i  ■  miii  i  »l  in  .!■<.-  .il  Vtirk.  that  h  ■  tly  reman! 

cmploycd.whcn  ;l  boy,  in  carrying  nrrows  up  th  be  battle  <4  ftodacn,'  * 


■  i  in   . 
L«i    ...         _. 
MMflMMni 

-s  1Ji 

The  wr.tce  -V  (bd  .a  ii»j  n<d 


IU 


■ 


NITROGEN  AVO    IIVDROOKX,  A*OiOX!i,H,X 

-i  worshipped  x  god  "  Anunon." oan 
il  i»  •,■»[<]  iii.ii  .i»  iliix  i  rm pound  tra*  lis  -t  obtained  from  a  i  i:.-*3tkc  frurai 
near  a  tempi  I  to  the  worship  of  this  divmii 

Ammonium       .    ■ .  .  m  the  Libyan  D    i   ■  .  el    i 

by  A1c*-tn*li  r  th    i.  .is  ih(   com  pound  *as  i  Tcrcd  near  theft 

iplc,  it  was  called  Sal  Ammoniac. 

(Quicklime- and  sal  ami  i  ammonia  hydrochroratc,  NHiHCl,  wbet 

mixed  and  gently  he  d  wacec. 

■  ■'■•■ n  ■  ■■  I  i 

Ammonia  is  also  given  oft  when  animal  master  ir,  heated,  such  a*  thcliurT* 
.  mi  ;.il ..  ..-.d  hence  il  wu     i  riled  "  ban  iiorn. '    The  fin*  ojmnooia  va* 
doubt!  iii|.,ier  Ammcn.  by  acataf 

camels'  dung. 

(o  il  i-  the  ureal  Murco  of  ammonia,  and  this  i>  noi  Wrpcoinj;  wfaom  it  •• 
underwood  that  it  conl  una  t  percent   of  nilr 

aoandothei  nuu i  ire  applied  to  the  land  because  they  coat 

itruycuout  :  .  ■itnuiwll* 

led  by  pti 
\\ ; -  ■■  vit  ammonlai  an         •     Ime  are  heated  >n  i  flask  prm-ided 
cork  ;i ml  rube,  the  p»nuj  Ik  collected 

possesses  a  very  strong  odour,  affecting  grcitly  the  oll.-n  \  ui 

causing  a  nW  oi  *uej  Wta  thccyi  ...m.i  h-  rice  «jm»- 

'  ind   i;  -.lowly  evolved  from  mixtures  called  "r-rndling  s* 

lighter  than  air,  it  r  il  b>  holding  a  clean  dry  be'- 

mouth  of  a  fla*k  containing  the  mixture  of  '"' ic  !'id  arnrooaiaoil  salt 

however,  to  pass  th<  :    i  bottle  containing  qn 

ordv  to  remove  the  moisture.  Calcic  chloride  must  not  bcwtcd.as  it  a&aoros 
ammonia  and  f>r:ux  :i  «I<  ipotm:]  with  ih.i 

The  •]"  ctfic  gravity  of  c  y-w,  air  being  icco;  oW 

therefore  il  fills I»>  dispuu 

Hionta  caiiikii   l>     i  otlei  i  tl  over  water,  .i\  it  i«  lo  very  toJuboe  lot  tb*t 
At  the  frc>    ing-rx  <upl<o$otim  tiuaw;  al  gft 

-'A>\«n*iVU  volume. 


AMMONIA. 
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By  co«duainj[  the  raunaniaail |  <-  into  Wolf   ■  Utiles  pio> 

•  ty  nibrv,  the  ordinary  solution  of  ammonu  may  be  prepared. 


FlC,  4S3.- Retort fitud  to  a  sews  of  Wotjes  ISottks, 

aii  profited  «»t'i  "i>iy  ■  d 

WhiUt  tin-  .immnni.i  is  In-nig  cbs  wived  the  watcT  become*  vrry  hot,  tiki 

by  the  application  ol  a  current  ->i  cold  irnter,  it  will  dissolve  one- 
l&at  an  .  b  -■  on   a      pecifii    U)  :-.  fhten  i   tfa  9 
U  Qtt  1    n  bulk  by  one-half.     1  lie  specific  gravity  of  the  strongest 

solution  ot*  ammonia  nt  57°  is  o*S&4,  water  being  1*000. 

Various  safety  tubes  ttfO  mad  I  wh\  B  gMM  *K  patted  into  v..-..- 
»oIuii<.  rnotti  IfjEud  it  that  shown  In  the 

annexed  cut.   The  object  u(  a  safety  tube  1-  to  prevail 

the  fl*sk  briny  1    Ulrica  01   die  liquid  rviiirninv  ink) 

nU  hj  any  bidden  cond  ^l  formation 

of  a  vacuum. 

Rlnttiny-p.ipcr  (•(i.iun.i  yellow  with  tunmern   called 

lUfTIi"  inged   tO  Afl'Cl'li'li    '    m.    .  u 

when  brougnt  in  contact  with  mnmonift.  Othei  all 
affect  the  turmeric  in  the  sanw  manner;  but  the  1 
of  ammonia  u  soon  distinguished  i:   m    thcr*,  because, 
00  the  appJication  of  heal  to  the  pap  r,  Ihi   rum 

is  driven  off,  and  the  yellow  colour  of  the  turmeric  is 
restored. 

At  itmosphcrcs,  at  6o°»  ammonia 

condenses  Into  a  liquid,  u  d  Is  used  In  M. 
[>.ir:i(uv  wiiich    ""iv   r\hilm.-(. 
grand  the  Great  French  Exhibit  on  of  1S07. 

Ammonia  Is  formed  bv  the  union  of  thro. 

hjib- 
therefore  U,N. 


rf  fc)i]m};rn  with  ime  of  nitrogen    iind  i  1  ^  symbol  >s 


There  Me  two  other  compound*  ol  nitrogen  and  hy- 

drcccn.  which  hiifc-c  not  vet  ocen  ob;  1  1 

farm,  viz., 

idOfCDa    H.N=  16. 
Ammonium,  ll,N  =  io\ 


I  10  4*4. 

ASaftijTHte.fsr 

/experiment*  Mint 

GilMS.  £>V. 
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CHEMISTRY. 


TI  >S 

(from  oXff,  sea-s 

CKLORIN'!-:,   IODINE,   BRl  AM)   FLUO 


CHLORINE. 
Symbol,  O  .  \y%- 

The  fact  that  MM  I  <0urc« «#  Chlorine  ti  KsfiVcm  todeKt- 

plcnci(uln«i;  ond  its  presence  in  soils,  plants,  accrolt,  xmmi 
act,  tea-salt,  and  rock-salt,  all  confirm  the  statcti!-- 

Greek  vAoi^cxr,  green,  in  allusion 

The  fas  is  c*jily  procured  by  boiling  h  u4flc( 

manganese. 

In  chlorine  from  silt,  the  tatter  Is  lira  mixed  **h  the  bbckwsk 

-..'.  .,nd  un-    .i  Iplitiri  -    H* 

propon  weight  ol 

mlphurk  &>  When  these  luatcxutis  aft 

.hi!,  ,!.i    (   II  minj{  clixu;: 

(Nad    +    MnO.   +    0-  3'  '  <-   +  ?*-<  MfcHO.  +   ilU> 

M*Jr».-.1ic  ******* 

•4*4.  p*.  ...I|.l.*tt.  9Mff*U*. 

must  be  ca  llccl<  d,     nd 

.-11  itu  ,      :    i.  the  tMari  ■ 

H  I  RUM  I   l!i'       nt    .      .  tl 

<H\  when  Ihi  i  i  

Ip  i  ton  !■  ■     fa  'should  !>. 

in   tn  Kt*it<it  (hi 

lisasrccablc.  reminding  one  ot  the"  smell  of  the  sea. 

Tine  is  much  heavier  than  nii ;  ioo  cul  trrifih  77*5  grxm  * 

1  1:.     ITib  dentity  of  ilw.  being  :i  time?  greater  thaaaav 

it  may  be  collected  by  displacement  like  cart.  1 ;  rwomoenie^ 

■II  the  :•-!! 

ng  a  small  quantity  of  itii 
,|, 

I'1 "      ■  '    must  bc*<       ■ 

tn  jr.  >ie  pnnr 

■  1 
>lvei  <|n  ti  i  1     blorine,  and  thru  all  denser 

arotdod '  ■         y-s. 

A  lighted    :  1 
ibundoDCC  of  smoke  being  produced,  m  coascqucnce  of  the  chl 
ih  the  hydrogen,  utulrt  the  caxbcm  ^  Ac^ac\c&  \h.  -^ 


vtn 


S<>9 


The  great  affinity  (or  desire  to  combine)  between  hydi- 
nhryr,  ,  in  ft  when  cj  .  *  of  the  two  jaw*  are 

e laced  m  .1  thin  bulb  ol  class.     H  this  bulb  be  held  in  a  red  light  produced 
Y  passing  the  clcctrtc  Ueht  through  red  jUsa.no  change  occur* ;  but  ittro 

the   rtokl    i -VS,  Obtained    in  Cxcei>  b\    p:r.-  =  ii    ;    tl;      lirl.l    :hmi;i;],  violet    Cbl 

Ed  to  fall  upon  the  mixed  gases,  they  explode,  and  hydric  chloride 
daoec . 
I 
i 


Fig.  .\S$.—rn,/'.tr,:tji)n  and  collection  tfCkbrt/M  &y  displacement. 


If  the  eyw  are  protected  by  a  screen  of  wire  gmm-  ml. I  before  ihr  bulb,  no 
harm  <  in  occur  Irani  the  bfta  of  *cry  thin  g$ 


Hydrogen  i?  now  regarded  as  a  metal.  And  analogy  indicatd  more  "  pre- 
sumptive evidence"  that  tin*  hi  the  case,  because  otner  mi  tah,  th.ni  h 
do  not  explode  with  chlorine,  are  quite  ready  to  bum,  and  do,  in  fact,  tain 
when  ipnnfclcd  in  fine  oowdcr  into  this  gaa,  vije.,  finely-  puwdered  antimony, 
copper,  and  cold  in  leaf,  aUo  anicnic,  tilt  :' 

CWorinc  has  very  powerful  bleaching  properties,  Jnd  is  in  effect  an  oxi- 
dising auenL  It  u  always  ready  to  unite  with  the  hydrogen  of  water:  the 
I  i r r -  ling  decomposition,  oxyjfun     •  Rm  n  itcd .  ai  rj  tail  in  Aottaat 

condensed  state,  like  oione,  dc»tr«.  fcvctablc  colours. 

A  littlr  solution  af  sulphate  of  Indigo  ii  rapldlj  :  i.  ai  in  «i  #hto  \halccn  with 

trim 

Cli  unites  with  oxygen  in  h-arious  proportion, 

[ !;.  pin  nlnroua  anhydride,  C  1,0—87. 
(oroos  anhydride,  Cl,U.=  119. 
V  Qilortc  pCTOxi  IO«==67*$. 

From  the  two  rirst,  by  union  with  hydrogen,  are  the  following: 
I,  Producing  hypocUorous  a<M.  IK   0=   uj, 
a,  ..  chlorous  acid,  H  CIO, =685. 

3,  .,  no  to  4  vet  obtained. 

v  1  \\*  itrretpmdiHg  txide  of  iktoriM  yet  discovered):  producinK  chloric 
HCIO,=*4'5. 

C  ortdi  of  chlorine  yet  disioverfd)\  producing 
U  10,=  too'C,. 

Thk  Compounds  or  Chi.okim    WTVB  Hvdroge*. 
:    GBLOUDI    [Spirit  of  Salt),    llvi-  - »  in  i-kh     Actn   [Mm 

HC*1  —  $&y  —  -\  .    lUlcd,  cijual    VoIQWBI  Ctt"   lYtalYtfe  atAVf^ 
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drogcn  exposed  to  the  strong  light  of  day  or  violet  light,  combine  and  form 
the  same  volume  of  hydric  chloride.  This  important  acid  is  prepared  by  dis- 
tilling metallic  chlorides  with  sulphuric  acid,  and,  of  course,  the  cheapest  is 
sodic  chloride,  or  common  salt.  The  following  equation  explains  the  decom- 
position : 

NaCl     +     SO.H,    =    HC1     +     NaHSO. 

Sodic  Sulphuric         Hydrochloric  Sodic 

chloride.  acid.  acid.  tulphatc 

The  same  apparatus  (Fig.  483,  p.  (67)  may  be  used  for  dissolving  hydro- 
chloric acid  in  water,  and  therefore,  being  so  soluble  in  the  latter,  it  must  be 
collected  in  the  mercurial  trough,  or  by  displacement  in  dry  bottles.  A  hun- 
dred cubic  inches  at  6o°  F.,  30  in.  bar.,  weigh  39/64  grains. 

Under  a  pressure  of  forty  atmospheres  it  is  condensed  into  a  fluid. 

The  ordinary  solution  in  water  as  sold  in  the  shops  is  an  almost  colourless 
fluid.  The  strongest  commercial  acid  contains  4*2  per  cent,  of  real  acid,  and 
has  a  specific  gravity  of  1*210.     It  is  impure,  and  contains  iron,  arsenic,  &c 

The  gas  extinguishes  flame,  and  is  not  combustible.  The  solution  of  the 
acid  gas  in  water  is  most  useful  for  analytical  and  other  purposes  in  the 
laboratory. 

The  compound  of  chlorine  with  nitrogen  (HC1»N,  CUN),  called  chloride  of 
nitrogen,  is  most  dangerous  and  explosive,  and  should  never  be  prepared,  as 
it  is  running  a  useless  risk,  the  properties  of  the  compound  being  already 
known. 

Chlorine  also  unites  with  carbon,  forming  at  least  four  distinct  compounds. 


IODINE. 
Symbol,  I.     Atomic  weight,  127. 

Discovered  originally  by  Courtois  in  the  waste  liquors  obtained  in  the  manu- 
facture of  carbonate  of  soda  (sodic  carbonate)  from  the  lixiviatton  of  the 
ashes  of  seaweed,  Iodine  is  prepared  from  kelp,  the  fused  ashes  of  burnt  sea- 
weed, and  is  largely  manufactured  on  the  western  shores  of  Scotland  and  Ire- 
land. The  kelp  is  first  broken  up  into  small  pieces,  and  digested  with  water; 
the  latter  dissolves  about  one-half,  consisting  of  the  chlorides  and  carbonate  of 
soda,  also  chloride  of  potassium  and  iodide  of  sodium  (sodic  iodide)  and  other 
salts ;  these  are  in  great  measure  deposited  by  evaporation  and  crystallization, 
and  as  the  iodide  of  sodium  is  the  least  soluble,  it  remains  behind  in  what  is 
called  the  "mother  liquor"  or  "bittern;"  this,  placed  in  a  proper  vessel  and. 
distilled  with  black  oxide  of  manganese  and  sulphuric  acid,  in  the  same 
manner  as  already  described  in  the  preparation  of  chlorine  from  salt,  oxide  of 
manganese,  and  sulphuric  acid  (p.  568),  yields  the  violet  vapours  of  iodine,— 
so  called  from  the  Greek  t^S^,  purple. 

An  experiment  on  the  small  scale  may  be  made  by  gently  heating  a  little 
solution  of  iodide  of  potassium  in  a  flask  with  oxide  of  manganese  and  sul- 
phuric acid,  when  the  iodine  is  rendered  apparent  by  the  colour  it  imparts  to 
the  air  in  the  upper  part  of  the  flask.    (Fig.  486.) 

Iodine  condenses  into  a  dark  grey  solid,  having  a  brilliant  metallic  lustre. 
It  is  extremely  volatile,  rising  in  va-aowt  \k\q*w  tKe  freezing-point  of  water:  it 


<Wum  at  ?*V,  and  boil*  at  >4?rt,  emitting  an  odour  very  modi  ffl      fl 
chtorii  c      It  1  u  i.   ;  '-.  soluble  Id 

■■'K 
it    may  I"     i;;.iin 
:*i<  i  -  li  I-.  the  most 

lr  b  with  which  rl  i< 

purple  compound.  I  he  colour,  obtained 
by  paunng  *  Utile  tincture  of  iodine  into 
a  flask  '  nch,  diMp; 

when  the  fluid  is  boiled,  but  returns  ■ 
Xift  tooled.      Iron  or  ; 

placed  with  iodine  and  watei  in  -*.  b 

Sloss  are  soon  convened  Ini 
.:cf. 
Pnoaphorut  take*  fire  « lien  !>:■  u  [hi    * i 
Contact  with  iodine.    Jodtne  is  used  cuten- 
;  but  onothei  and  most 

important  application  oJ   this  clement  de- 
serves special   notice  here  in  connection 
with  the  an  of  photography,  and  the  A 
is  indebted  I  no,  Mr.  John  5pill  r, 

Hon.  Sec.  of  the  Photographic  Society  for 
Iht  following  raumf. 


Fiu  4S6.  -Prtotuaicti  t/MA 
V.tfimr  /torn  Pttaui***  /adUe. 


The  Art  ov  PhcttocraPHT. 


The  invemion  of  PI  l>  U   1  practic.il  art  may  be  said  to  date  from 

the  Dagucrro,  in  France,  and  the  Hon.  II  Fox  Tolbol 

this  county-,  described  almost  aUnutUACOtUly  the  Ki  p  •••ccssscs  wl 

tuve  nnce  bee  n  ideal  ficdwith  their  names.  The  daguerreotype  i»eommi>nk 
town  as  the  process  of  obtaining  a  photographic  impression  upon 
poilaacd  solver,  or  clectro-ailvar,  p»to,  the  tuna 

i.    ;■   !  rai  thi  •■    prin  iple  ■  ■  ■ .  <  ith  1  b]    1" 

iodin<  1 1  iodine.     Exposing  the 

. ■  piiijw  ily  •  ii:i\!mk  led  i  i mi.  i.i  obarura,  mm   all  i- 
ndcring  mai  '"gc  induced  upon  the  coated  *nr- 

■  ui  tin-  metal  b)  pi  :  Sue  1  ■  ol  a  1  n  ai)  \   pour,  1  1 

the«  If  most  Abundantly  to  tho*   port    ol  th 

whr  ercby  forming  ix  lustrous 

m  which  adheres  final  :-iaie.  rven  «M  B  the  1  ■'■   1, 

iodi>:>    Ol         a  i-  removed  bjp  wimhing  with  an  aqueous    olutioi    Ol  hm 

a  The  daguerreotype  image  is  sharp 

delicate,  and  when  coloured  of  a  mirmcr  toi     by  the  nn 
a  gold  .tit    using  by  preference  Ihc  1   Fordo) 

adrn  toporlrai: 

and  to  the  recording  of  celestial  phenomena.     Its  chief  drawback  lie*  in  iIk 
■  .tice  that    I  I-  .i!.li-  to  )> 

coiry  cif  time   ho*  refill ly  mounted,  and,  furthar,  Ihal  A 

uitipiic  'ii'  n 


Mr.  Tall  I-.  known  as  Ine *cabryp*," but  aftecwi 

honour  of  the  invi  n  1  albotrpe,"  depctviis \\Vc»"rtt  >*vo^ 


: 
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iV  milium   upon  t.  '  «prad,  and  lb*"  p> 

tftftaiKi  i:u.ill>  di ii  hem     il    ■ 

PI.*  n.  ifci 

■ 
and  may  !.  .7by  being  floated 


pot- 


irei  of  tfc  -nmen 

itxlitc  diirl 

: 

...  . 

room  ;  ( h  *!l  lint  .   ,v.  H  i; 

pin-  nr  curtail 
i. recess.   • .  ■  '1.  in  nqucous  or  m 

•1,  .ii  soon  m  the  photojrapbie  unacc  hu  becefar 
■id  tfid&i 
gradually  iujj  nents  the  intensity  of  the  developed  inv.ge  u 

--  bv  inu. 

the  *-..■■■'■  Wa»ti    I  and  fined  by  lh>  li|  j*-«dpl 

iggeatevft  b)  d  he  pM«cM 

inancm     ir(iiil.    fnun  wbn  h  .in    innumerable    un 

p 

chloride  -I  •■■  afterwards  c  ■ 

UJbotv  <  .:«pr  photograph 

preparinj;  hi*  paper  early  in  lh«  morning,  upon  of>«tMf  I 

number  of  good  i  by  development  in  thccvenintr.   TheconiD^ratrretj 

:ll-    t:i   l! 
C*JVMI 

even  obtained  by  those  who  pcrseverinvly  aV 

.     . 

!  .  Hon  ><•  d  its  mod<  « ■■! 

I  m  ib-    iim  fil  the  ugroi  ■  urn. 

\vtr  in  a  to 

i  nan 
furnished  the  means  of  preparing  a  supcitor  description  at 

om  tin:,  b*  rim  pic  In 
on  wi  iif  th|  alkaline  ioc 

■      I        ■    ■ 

►osure  showed  afalM  image fi 
i|»i  ictii  |jii  ■  bod. 

"I  li  *,  -chct  hi  ; 

r      .      I  .;  m     ■       ■ 

il  of  M»  Voa  Talli  i 

linan.i  ;  of  deviiopip*."  t       to     Ta*i 

■  nod  upon  glass  pUti  tqwioUoiy  ffffav 

■ 
(pare*!  r.(  >.YUi\e^  KUA^iyi9jQ*a,Ml^bYthec«aiKtrsiaM) 
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ethereal  oaudUffinous  roati.i  IBM  of 

*flixf;+n.  Fc*tfceprodutdoi)  cd  thu  film  ■:■:  Iodide  of  silver, a  suitable  qui 

•1  I" 

Ok  pt-iit i    i  hiw  i  "i i. 

coaled  c' 

n  >i<  i  ■    ai  ii  i.  iln  ill  :!••  :  i:nl  should 

r*po»rtl  without  <W.*y.      Una  a  :.. 

'..TCloprTKnr.  tl  .  i.     i  " '  i.ipc 

..pon  lllC  pLltC  UQtll   the  dcVClopCf  IS  flpplir-J,  M  J>"  li 

t»n  i  ;n  lulnh..  .-  solution  of 

pyroKallic  acid  in  water  rendered  icetic  or  other  • 

add.  Tfce  operation  of  these  chemical  agent*  U  powcriulh  rcducli 
cunacij  feet  the  reduction  of  the  tolublc  ai  It  remaining  in 

rwo»  uuon  the  p]  Hi   ini  particles  o(  finely-divided  metallic  silver  w  p 
Uted  bcuix  deposit*  •!  icncc  upon  Hi 

with   y^.ii!.i!i"ii-     v.;-\m:     i>     OrdiOjJ    to    ':;<■   imcuvily    i  if    i  ,r 
!  *        Thu  in.  .1     ..   ill 

expcuuie  in  tlic  cmict  *.    -i  '  in  i<<    neg  ge  in  pun 

;,i  !iow    luilicf.    Of  I  Ivrr    in 

admixture.    The  latter  a  removed  by  waLshinj:  with  a  solution  of  hyposulphate 
as  before,  and  the  plate  i  and  pioi- 

rtrafitb. 

Frcen  the  neeptrres,  whether  obtained  by  th'.*  collodion  Of  vpc 

cess,  a  srsit  number  of  posulve  impressions  may  be  prepared  by  (o 

>Ution  cif  what  it  called  tb  .■>.- />r.v/.-/.    Fur  thii  purpose- il 

»«*«!  to  .h;..,  ■-.!..  of  iilver  spread  upnn  paper  with 

erf  fjeg  iXbuciivn  j.  hi  J  iii  exoesi  of  the  nit  it*   'i  diver, 

Tin.-  ok!::i.i:  s  modr  ofprcM     [lii        lusiab  hi  applying  to  one  kioVof  atfott 
of  paper  .i  :••  I  and  a  proportion  of  water 

varied  according  to  the  decree  of  lustre  desired  in  the  finished  photographs 

.    y   !>>'  lollnv 

White  :if  eiar iouj. 

J  .. 

ih \  „ 

For  landscapes  and  portraits  of  larvc  sue  tfci  qui  ■  ■  nay 

advaiii  J,  whilst,  on  Uic  other  fund,  it  may  ofta 

%arv  tn  limit  toe  add  lion  of  water  when  the  fflaaimum  ilcgrec    I 
anil  f  detail  ill  '•tutt  or  other  vrnall  prints  are  the 

di  above  presi  ribed   ■  poured,  without 
apt  lowly  laid  'K>v*n 

m  tbe  surface  ut  the  salted  albumen.   After  two  minutes'  contact  tho  sheet 
to  *casn  carrli  .-.,-..  .  and  huntf  up  to  drum  and  dry.     In  tin:  state  tl 

salted  aJbumcniied  paper  may  be  preserved  for  a  ureal  length  of  time,  am 
when  requ  isc,  it  is  necessary  to  lloat  .:  for  two  or  three  minutes  upon 

a  $o>£riin  solution  of  nitrate  of  silver. 

■'^er  to  perform  this  and  most  of  the  vubsiMuent  ootratioi 
cets.  I*  is  out  creen  the  ligt  ■    Uve  viiuio 

graphic  riiom   in   u      ■  ■  ■  .  rllow  c.ii  • 

the  scnsitltcd  papci  "Onicd  or  blackened 

irt  cApMui  In  thii  s  '»,  Llvt  ^te^aied  sdc  at 
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the  paper  H  brought  n  face  o!  >tf.afi 

,\w!»>  tin 

>f  <«*>«0  to  ihr  light,  obvmat  aai>  it 
prec.- 

of  a  midsi'i-  4  hua>s4 

■ 

■*i,v — trhrn  tW  *» 

At  ili 

■ 
leaving  ihi.ii  n.  -.  in-.'.  -,  ready  fn: 

Ch  .      4fn 

■    I 
ate  or  ptio:ph.itc  of  soda 

Vfa.ua ipte 

The  a  i  '..  l  pri 

■    ■■ 

I  men 
ickly  remoTcd  intoa  enpnoous  disb  of  water,  ud,  th»s  tctcd,  arc  nadr 

MiOSCOof 

H  v|> -r.ulr  ■  :!  | 

ber i 

The/will  ;  tli  re  ■;■•!  ■'•.  washed  brimmcrsttn  cither  in  a  no 

nine  stream  of  wot  -*r.  Of  in  dishes  the  content*  of  whj 

■  '•     ttl       \       in]  •  m,  in;       I'm.        II.     mi     i 

in  ti».  ■    \/    :  i„\  umtewhH  u*d 

■ 

m.  known 

ih>.    ■  oUodion,  sped  red  from  chi-  a >rt 

:...  !.:,  ■  l 
<*■<»$  the  Mn  ;  in  sutp*  i  prA 

•I*  impalpable  panicles  of  chloride  of  * 

\     .  ..!■  r  rfiik. 

nil  ili<  •<  liltiritlv  pn;|  is  pound  ctct  a  plate  of  while  tnamrfi 

hf  r*^ 
uhptf 
re 

fine  muli  i  by  certain  sysscr 

JRJCJ**1**  i»i  Ion  u»Jtr  ihr  mb 

■  ■ 

'.I cm.  or,  with  fcT<r- 

bebtn.  .  c  been  mode  to  do  duty  in  Ihe  stereos-.  < 

The  stxalfcil  ^oto^rwjtov1  «c  ?s\t.\*  ctea**ed  «?oa  4  mo**' 
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ih  VkJiiiti  \:a*  Tktji  iiicorp'tati-xl  rurlxin 

.  .. 

■ 
kll|  w  Nil 
«■  .    other   fcot»   <  • 

'■■..... 
fahtr  Y»rpr»r,  i 

.icm. 

.  ■ 

i. 
m  1 1 r ess  of  t! 
iiniUi  u> 

..w  :     ..  lil ..  . 

,    ill-  Q  00 

;:■.!■  U     ■ 

it  ink,     U  ben  cold,  I  m  thr  rr* 

■ 

uf  Mr  Wood  bur- 

Wood  bury  types/    Then 
mporison  9  ten  results 

■ 
d,  'lie  v  entirely  indcp- 

Cid  <   'II  'I   1  > %  .1 1  i  - 

l'h  !-i  i>  11  i. 

*:■: 

■  n  brought  in  contact  wit] 

being  4*44 1-     I-1W0  hydrochlOfiO 
'.-ntpOKtl  ■  ■:  turn 

Irvtva  .  nd  on  n*,  iominc  cwo  f  nydritxlic  sdd 

There  are  some  oiidcs  of  iodine  and  two  important  acids: 

lodii  i.  '  I  I'  ',   : 

I  ft]    pci  1  ■    I  1 

nut)  or  .M  Ira»  m  e  puwer  foi 
ne  or  bromine.     It  u rut 

.  S  I.,   n  ivhii  h  .hi  11 

..:,  ilir. -i   ..1<>t;...-ii  \v, 
ccd  by  three  ol*  loci 


-foe* 


BROMI 
Symbol,  Br.    Atomic  weight,  $0. 


re  is  even 

jre  elementary  cone  t 


which  funiUhc:  U  BalardS  "  bAlctn"  cmuttM 

the  another  Uqqi  ►Hlicr. 

%prir.£  andfraa 
iliin  ■  me  b  obu.1  < 

Tli.  in  ll  natrrd 

of  by  passing  chlorine  -fa?  imo  th<  Ihjuo  .  prroprttf: 

with  chlorine;  id  ia  then  mixed  with  black  oxtdc  of  nutpnnt 

C  fcUAC  lund  of  cha&fe  Kh. 
the  preparation  of  c  blot  D  iodine  takes  pUccs  tn  th;i  use 

Alto,  and  bromme  h  obtained. 

xllgBH  ;MnO+3H^O,-Br,+MBlSO,+MiHSO,+aHA 

on .nc  Is  extremely  -.dI-iiiIc:  a  few  drops  thrown  into  a  bcK  ti-V 

r'lll   it   Wfth  t«d  VtpOUC      It   ll    I  iluctor  <-■< 

mes  the  «■  v  then  trf  a  dark  nrryiii  Icsid-cotcur,  wah  sp*> 

•ui  rncuUlc  UhU 

T!ir  \::«  11  i>f  I)imh;::«    i-.  floC    cW  ;r*tive  uf  tlir  uJw. 

jir.     In  :i  ■  .!  it  was  treat  i 

utaaoethat  the  •.'■■■      rink. 

•pour  is  5*540  :  «r  m  or* 
nary  1 1>  1K7  ;il  a  lei 

'    ,<f%*c^^^l 

little  drop  will  till  ,1 
in  hyd  lit)  '  hlonni  ilerorfA 

HydTODromic  acid  w  hydi  -r;  a<nrnic  wtidit,ft 

consists  of  equal  nicj.su res  of  hydrogen  and  bromine  ttj pours  united.  :<«• 
same  volume.     TheeompoundJ  of  oxygen  and  rrnrnfe.  lIlhTT'T 
numerically  IcM,  ai  rnilar  n>  ihour  of  chlorine  and  oxygen. 

Hypobromous  acid,  HBrO; 

Bromic  acid  bromatc,  HBrO* 

Part  1  hydric  perbromaw,  HBrO, 

Tlicic  is  also  a  com  pound  of  bromine  with  chloriM  called  bromoirs 
.[BrCV,  and  adi  .f  nitiof-en,  aiuJoreo*  to  d 

fl I  is:  m  fact,  bcominr 

with  fell  the  defl  li-i,   bromine  hold*  an 

potiticio  belwuui  chloritn    a  It  c  n 

certain  compounds.  pelted  by 

If  the  atomic  weight  of  iodine  be  added  to  that  .»t  chlorine,  and  livdedtf 
two,  the  mean  is  a*  nearly  as  possible  the  atomic  weight  of  bromine 


FLUORINE. 

Symbol,  fght,  19, 

This  clement  appears  to  have  evado!  J  searching  powers  ti  ia» 

analytical  chciii  nrt  Ix-  procured  in  the  ri*t*e 

tar>  state.     It  seems,  lia  -:d  \U\x  »: 

11b  ■  •       '  11  ■  :ii..  •'••'.  nv    .  of  con  bin  itio  1 ',.  .......i.;  on  ilij  arj  m     ):.  .   ■ 

Of  Silver  \  .\  0.-a*h  v^tar\  n  a  colytrtcis  gas,  wM 
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no  power  upon  gh.-,  :  ml  •-.  '■■  --hrd  by  i   .<  lu  ion  of  potash,  but 

m  pennaai  mercury. 

;  hpw  i»  found   -•  Di  nd  In  ill  the  galena  folurnbk  <«u!pliide) 

which  tn  coal   tbnrtationa  of  Durham,  Cum  m.)  ..iihcr 

ea.  And  It  most  frequently  crystallised  in  the  cubic  form.  The  red  varii 

Ned  /.i/ic  f«/^'.  the  yellow  /.i/ic  «*««/.::.  th         6t  n  /*/ir  rmrr.tld, 

and  the  blue  /<"V  wfiphirt  and  mntfhjrtt,     The  vanct)  o(  fluor  spar  that  be- 
comes  phosphorescent  when  heated  is  called  "chlorophanc/  from  the  green 

use  it  has  been,  used  by  the  ra  a  *  at  a  flux  for  ores,  pvtlCBuuly 

those  of  iron  and  copper,  It  ■  tie  name  of  "  '               m  /wk>  to  A 

m  actcmul  ;  .:i-; ..     Fluorine  i- 

i.iin.  ii  in                  i      modcryoli  mlr  <ah  of  sodium  and 

aluminium  tin  A  lhi   metal  aluminium.   A*  the 

:    i  "Hi     :n  ,t  inimiii-  ii;    \\\M    i'.h-   Imk!v  it  ktipplii'il  willi 

t  Ji  i-.  i  "  Mm  the  food  s  ■  ■  i  ror  the  njpnori  of  man. 

i  !     cwit  important  compound  b thai  "  hich  ir  lorms  with  hydrogen- 

Sncid  or  hydm    Hm    idi     HF»ii       [1     i  obtained,  uli  fa 
par  with three  pint  of  strong sul- 
tunc  aod,  and  the  decomposition  is  represented  by  the  following  equation  . 

lF,      -f      H,SO.      -      jHF       +       CaSO, 

■  «f*r  Sulylcint  «it<l     —     ii«.iii     lootUi      "  hi  »Ml|»»i«tr 

Suot  spar  and  aulphnm  add  must  be  heated  In  ■  I  ii.  or, 

iter  still,  in  one  mad  aum.  Bend  tin-  vapour)  hydrk  fluoride,  is  col- 

■A  in  i  receiver  usually  a  bent  leaden  or  platinum  tube  surroundct. 
frwxinc  mixture.  The  metala,  lead  or  platinum,  should  be  used,  a*  h 
loride  act*  »o  vigorously  0) 

It  would  appear  from  the  researches  of  LousH  that   'lie  add  prepared  in 
.  water,  and  i>\  dial  ll£ri  in  with  pnoaphoric  aiinvi  i <!< 

■  t.l.  nil  I  n  \  l  i  J     un  ;-.  \(  it  in,;  n.ilurc   it  0I1L.1110I,  which  0009  D 

[e  th Unary  acid  on  perfectly  dn  .  Thai  add  united  with  two  atom 

of  v.  ecitu   .'.i.imIv  front  l"o6oiii  |'|  I f *•  >* .     Itdur* 

not  undergo  any  change  when   tistalled  and  b©U»  at  140*  F«    lots  a 
ipeA  a  great  number  of  metals,  its  hydrogen  being  displaced  by  the]  l 
ind  -:.  ;.    «J  li.'i  etching  or  glass,  and     •  IW      Ifla  other  once  rare  chei 
ipoundv.i  employed  most  skilfully  in  the  formation  Of  elegant  patterns  on 
vitreous  body. 


CARBON. 

Symbol,  C.     \  ighi,  i?. 

E\,ery  tyro  in  chemistry  is  nuw  >.  1                ik  profanel  v  of  the  diamond  as 
:iv  a  bit  of  hard  and  nearlj   pui  on,     The  pm 

ilunc    have    .iln  .n!y    been    K'vrn    '"  rki    -|:"'    ,hr    ' 

•  wirhout  that  of  i  In  l<  lined  man  who  has  I  itely,  like  Farad*)*,  p 
away  from  uv     Hrew*trr\  name  i:   introduced  here  bci  tuse,  amo 

.  :  p.iprn  on  scientific  lubjectB  that  he  wrote,  wi 
he  terms  pressure  cavities  -n  the  diamond,  whicb  will  ' 
■ 

a: 
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Carbon  or  charcoal  can  be  obtained  from  various  sources.     Bone  black  or 
animal  charcoal  is  obtained  by  subjectinc  bones  to  a  low  red  hen  In  closed 
cylinder*,  the  voUttte  nuittr,  anUOOfluS*  Jcc,  be.;.  d  to  pav*  into 

■ 
I         ii. .t  usefully  employed  as  a  deodoriung  agent  In  the  puril 
up  augar,  &c,  and  it*  deodorising  i>:  ad  powei  <>\  • 

putrid  effluvia  of  drcomposii)  I  "i  srucublc  matter  i*  very  wi  1! 

id  used  in  the  I  aewers,  or,  more  agreeal>      to 

|:hr  futffttlofl  Mid  purifii  fttion    l  wi        con   lining  organic  matter. 
•  I  charcoal  is  now  made  very  carefully  from  willow  or  alder,  by  heal 
it  m  i  :  closed  iron  cylinders,  and,  when  prepared  in  this  manner.  Is  used  in 
of  gunpowder.    Common  wood  charcoal  u*cd  for  I 
purposes  is  prepared  in  a  rod  rncrs.     Lampblack, 

or  finely-divided  charcoal,  ir.  obtained  by  the  slow  combustion  of  resin  or  til! 
j  [eld  hydro-carbon,  afid^ai  the  all  it  only  partially  admitted,  tlw 
hydrogen  is  n*  ••..;  water,  whilst  thccarl>  wind.    B> 

n  lampblack  to  a  red  heal  the   tarry 

matter  i»  thru  tlioiuu^lily  ignited,  and  .i  vcrj  purs  farm  ul  i  urban  utituincd. 
■  iwl  of  ecu!,  is  made  in  large  -i  lUti 

of  coal  in  the  manufacture  ol  <>inl-gas. 

.\  v.  r\    li;  r .:    (<inn  ol      h.m  o.il  ;  .      r.i,  ln.i  11  ,    ii,  j>o    it,  .1  it:  ill,       .1  ,  n  tort    .  w  llii  li 

.d  instead  of  platmum  m  the  nitric  acid  ceil  of  th 
lumen*!,  and  likewise  lor  the  terminals  of  the  poles  of  the  voltaic  batters    <■ 

production  of  1  in.  electric  light.    Thii  land  "f  charcoal  h  tomctimes 

t  as  graphite:  but,  when  so  styled,  should  be  called  "amriciuV'as 
.1  and  ncitrh  pure  form  of  carbon, 
black  lead,  or  traphiU  is  a  'n«*t  useful  fonn  of  camera!  CttbOB; 
A  used  to  be  obtained  from  the  mines  at  llorrowdalc,  but  Is  now  procured  from 
::m       Eii  \  -1 1  and  oilier  plaices.    The  lino  kinds  of  p  :"  ncny 

I Kni  Mid   I      cut  into  tables  oi  pent  ih ;  bul    ioa  th<  will  ot  powdered 

bago  is  compressed  and  employed  extensively  in  the  manufacture  of  lead 
ih.    1 1  is  also  used  for  brightening  grates  Mid  Othet  iron*    )k,andkei) 
tbcm  m  rust,     Graphite  is  now  n  the  mnnuracftai  ol 

very  refractory  crucibles,  and  as  nn  anti-friction  material 

charcoal  with  wren  ;ht  irottj  the  hitter  becomes  extremely 
ilc.     If  this  compound  of  carbon  and  iron  l»  ad  allowed  to  cool 

iv.  it  will  be  covered  with  scales,  which  on  examination  arc  found  to  be 
seal  with  plumbago  or  black  lead 

'eorites   concim  zrapUtfl  OT  black  lead,  BQ  lUy  diffused 

ihior  ins*  of  Iron  which  hai  uJlcfifromih 

Ik    ii  :\  ilmwii  1l1.1t   l>>  acting  mi  uraphile  with  an  oudixinfl  Sgcfl 

chloral    ■  1  potash  and  ralphonc  nodi  •>  pro  nol 

di  if tit  ii  o(  Mcini  ir  ■■    praphitt       I  •. 

,,  it  Ijc  heated  to  .»  test-eube,  it  swells  up  and  [irevnt*  a  very  rctnark- 
appearand.:  the  graphi  ..lives  off  steam,  end   return 

to  its  original  condition.     Carrying  the  oxldiring  process  still  further, 
tbc  same  chemist  has  converted  graphite  into  graphitic  acid  (CiH.O,). 
aering  rapes)  ■        a  this  substance  with  chlorate  i  I  i-  •■  h  uu  nitric  ad 
ionns  p.t  (parent  thin  crystals :  when  a  few  of  these  arc  heated  h  e 

-■  and  a  xli^ht  explosion  occurs,  and  -i  lai 
iky  of  soot  is  evolved;  the  «raphite,  by  the  roundabout  process  of «.  w  .ni  n 


•  1  1 


iJ7     2 


5*> 


TRY. 


and  conversion  into  proi 

toordxn,u>    :h*i      i       [*fci  upcrirncM  inthlhccrii 

::  the  farm  of  soot  U  w  meno**- 


FlC  rrtJtt*/,!/,  "/. 

I'll     i!    m,  ;w«i,  i*T»- 

: 

I  i'.  hi  tor;     o!  m  km  betn  i 

ficned  nr>(;-  -  ■  ■  t  it 
'  thtjoal.  Wckncv  tfc*  I 

ireasury  of  Dd 
cd-Dm.    'M  .loveculon  <>f 

Mo^u!  iiccinni  ii 

.'I.     Th*   ; 

I 
■    .  ■  .  ■  .  ..." 

.    ■  .  ■..',..  ! 

■  i 

wJml 
nh,  the  conqueror  ol  India,  b 

■ 
rcud  to  return  it  into  the  I-ands  of  Runj' 


«M*uul  ******  Imm.**    V«V»««i 


T1IR  DIAMOND. 


S*i 


U    tUDC  erf  ttuj  Sikh  mutiny,  it  fell  into  die  h;in(Js  <rf  the  Uriush 
.  who  presented  i*.  tu  Her  Majesty  Queen  Victoria  on  the  3rd  of  fun*; 

■ 

•This  brilliant  w»*  Jm«n  ..t  the  Exhibition  of  1R51,     I:  then  had  an 
gul>tr  form,  with  seven dhoHow  -  i  1  its  it  :< a 

1  ;■■  plant  . ;  thi  t  aleo    everftJ  fb  lure  ■  ;* 

shown  to  several  of  the  first  scientific  men  of  the  day,  Sir 
i  among  the  number,  who  were  of  opinion  that  the  stone  pi 

senn  du  •■■■'■  01  sfter much consideration it vu 

entrusted  to  Mr.  Coster,  <!  im,  who  expressed  himself  confident  ax-  to 

the  result  of  le-cunlng;  and  the  event  proved  the  correctness  of  hie  ludjmicnt, 
for  tin/  «:um\  though  »f  1<  than  before,  poetesses  MBlty  the  Siitnc 

a  lustreless  bum  scarcely  betl  n  th  is  rock 
>:  !  m  become  u  brilliant  matchless  far  ptvit)  and 

inwitid  now  tveiuh*  t«G  •,  carat*,  and  fninix  part  of  the  crown  1  rweb 

;  1  r.  ..i  Brewster  makes  the  foltowtafl  on  I  ie  KoM-Noai  EnhJi 

pepcv  in  Use"  transactions  of  the  Roy.i    5  of  Edfcbunjb,  1  *;' 

entitled 

"O.V  THE   FRES3URE  CAVITIES  IN   TOPAZ.  UERYL,  AND  DIAMOND, 
AND  Tlltm  DtAUSD  on  CSOLOGICAI  TlltoRlt:;. 

**  In  tii  I.  which  the  Prince  Consort  kindly  permitted 

me  to  examine  in  1852,  I  found  three  bl.n  islblctothc  eje, 

the  mi'  i"  mwerl  to  he  irrrgnhi     r.ivitir*  id ed  with 

tore  of  polaracd  light.    Intht  tfl h  aexornpanied 

the  Koh-i-Noor  th  duo  ie<   i.lI  csmtii  .  surrounded  with  luminous 

nector*,  nnd  the  tunc  polarising  Btroctun  snatch  indicated  thx  on 
eomprtteing  and  dilnttnc  forces.    In  order  to  obtain  more  information  on  thii 

.,:!..  1.  nearly  wu  di  imnnd  1  leni  m    b;   m<  tan.  Html  md  : 
keif,  and  :n  almost  -ill  nfthi.ni  I  found  numbers  of  cavities  of  the  most  sine 
forms,  round  which  the  substance  of  the  stone  had  been  compressed  and 
altered  tn  a  remarkoblo  manner.     1  hi     hapce  of  the  cavities  sometime: 
♦err.]'  iand  lobsters,  and  tl  :  and  patcbea of coknn  En 

•I  lichl  were  of  the  most  variegated  kind.     Ii  seems  indeed,  ' 
;.■!  truth    !    a  ilii-it    .in- <   )tn;i;ir.itivcly  few  ftianionds  wi 
. »,  and  thai  ihis  si  one    1  >  lb  1I1 1   utonr   than  any  other  used  ii 
Some  diamond*,  indeed,  derive  (heir  black  colour  entirely  from  the  numl 
nfCAvitirs  which  they  Contain,  and  which  will  not  permit  any  light  to  pas* 
between  Ihem. 

\*ing  found  m  diamond*  tomimy  pressure  cavities,  as  we  may  call  them. 
r.Mind  which  the  substance  of  the  ■!<>■■     i<    mpn     ■  ■  I,  i  had  some  expectation 
of  finding  them  in  other  minerals;  and  m  re-examining  the  numen 
of  topaz  m  my  possession,  I  succeeded  In  1  .,.-.  several  under  such  n  ■ 

fcwfkable  eircumiuincts  that  [  submitted  .1  «U  icriptioa  and  drawing*  of  tl  em 
y  in  1845.    In  searching  for  these  phenomena  with  the  nol1 
we  first  observe  four  m  ton  oi  pofcrficd  bght;  and  U  toe  nuigm* 
f)  log  powet  is    if  1.'  iciit,  we  shall  find  in  the  can  1 1  of  the  Mai  It  1  roes  tl 

,    which  is  the  cavil  v  or  a  art    - 
ungforce.    This  cavity  is  frequently  ol  1  tlunnljouLd  i 
only  cd  the  3,000th  or  4,000th  oian  inch  in  diameter.    It  -i -%.  ,.ie»  as 
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L'llStiC  subcta 
I  havt  m  t  with 

>m  lie 

i  |  i 

'nt  by  it. 

fissure*.  Iroi  ~.  protMtfkKol  '  'nee  m*d 

i  isuref  have  mod  Hied  tnc  ao*i 

ilrjk  has  escape  his  left  no  *:*d  tUii 
I 
The  ocnratww  on  rV 

i 
n  ■ 
I  at,  from  •**  Mracmrr  of  tkr     * 

... 

«lrci  St  .1 

radi.iin:;.*  cracks,  oh  ■  >vtd  to  be  the  I  -c  oaacroctMB  wfod 

i  I.  IllUC 

d  by  cxj  .  *tAl»  formed  ra  fined  ct«M» 

of  borax  .-.r>d  gloss  cooled  ilowl  .  >ic  tunc  phenomena  ant  socn.* 


ftNKTXM  OF    CAJtWW   WITH   OXV 

CV'.  . 

Mil      '    .11    id 

would  ontnina  no  hydroftn. 

nave  met  this  ;  a  part  of  the  unv. 

well  known.  ad  lit)  - 

£»/■'•  (CO,  — i 

and  oil*  nun  oa 
ITua  <pu*- 

or  whiting  Ipnunc  acjAx.    Aoctt 

i    exunpk  of  decorapasu 


+     aHCl     - 

Jl<<lr<xUorW 


OCX 
Csfcton 

Gilci«m  cubcaair  and  hydro  hlorfc  *;IJ  giveesrboft'ic  dkuxk.  witer,  *«d 

i  iti  .    ..i     hlnridr, 

■    II 
nr>d  r.*lf  a*  hci 

.lKk,wtioc»hV  ;  i-t  perfectly  ..  .aar^ 

fc«e  made  ro  bcctth<  ■pftgjfettti  clows  jposmodlcaJh 

occurs.     It  is  a  poiwo,  and  if?****  **  "*  U1WWV-  '*%XK  ™il33i  *** 


7/7/  oxroMX 
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Kmilrofjii 
•*7ih  carbonic  acid, 

fernowl  ti 

. 

He  will  bui  •  nt  v    II 

tains  ^p*  '  carbonic  d  I  i*  no 

■  shown  by 
fainting  of  d> 

In  the  fermentation  r.f  ha?  Ur^e  quantities  of  this  gii  arc  evolved:  and 

:;een  cauved   01 
brefttn  in  bdi  i  soon  after  the  beer  has  be  off     1  be 

pt*>     10      1  '  irlji  lite  il  of  firr-iiin-.p  Ul 

.    ■, 

I  tO  l«*  very 
< ;  as  it  is  quite  possible  tn  •:  >n  n*iij;ht  tike  place 

:aflc 

x/thiebtf 

Having  <;•  -is  the  refreshing,  spark- 

grains  ol  sodium  carbonate  added  10  ihc 

;.;  a  temperature  of  3a*  F„  carbonic 
■     idler;  but 

1    ..!(  i>l:iil    rltiri    t  !:r;v  ;iliit  ■   nt  i  ..■  !>on  ■    ilixjilpliiilr.  Mill: lion  0 

raptii  ..I  .  • wery  Low  ■■ 

When  ■in  Iki  ....■.,..  ih<  ap  ■  ram 

...... 

iquid  aci  be  collected 

th  c:hcr.  the  tem- 
-  aioks  to— 14S'  F.  v  U  pUccd  in  llu    rOlUliOU, 

•■■•>'        A  number  of  very  pi.  rmed  with 

wWd  carbofi  ■  ■  J-.  as  frcem  :l.     TttitcKpe- 

i ■-.  :l  'iv  :-'  ■  •  ol  the  solid  gaa 

,',!,.  lit tli      rhi        he  n 

\    i  .   , 

... 
fleeted  rwnt,  and    ■■■  ;•  b    p 

ul  thi:  u  it,  witfc  that  "i 
.  i,    i  .,  .  ,,-,■■.  .1  nui  peri- 

I:  the  hre*lt>,  the  pas  fro 
ii  rir:lirifcaaao»d,f.r-  id  to  change  the  lime- 

milky  white  fro  i  nation  and 

fix  buy  1«  drawn  oil  by  a  ivphon,  or  collected  in  a  lar. 

-  Otit  of  a  vi\\     If  i' 
hail,  or  a  balloon  'Intended  v.  ul  no- 

loo  cubic  inches  of  < 
bar, 
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A  ftolutton  o!  itc  pas  <n  *atcr  reddens  Uue  litmus-paper,  wtneb.  i»  acxo 

the  p*pci  ,  tcuuu  ilutcf 

iwn  *tT  b;, 
Ii  [spvth  the  car  - 

ii  i lie  strata,  and  diitokct  i^  cftktusft  carbon 

:ido  it  alto  protiu< 
i  tier  by  the  oxyxen  of  cbe  air.    Oiykc* 
niJUK:  r_c  j_*xli. 

■ 

>  mi ■  :.    i,i\el>am  mAc!r  !o enable  jcrvmsiog»»lfc 
•iiooudc  c*  ochrr  iiar^.r^.. 
K4X5.  or  to  alctnd  on  Lai ,     s  ill   ic  batteries  y  >js  fee**  arc  *»T*««d 

tmost  pi  mvancc  tsifer  I*** 

■•I.  '  ■■-  in     ii     •:■.!■•  i:    pi  ..; •.,,, .  r.    .  .  bdnffcXM  I  tapM** 
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I  r  the  proiecti<  TOpertv  a. 

■ 

i(»,  and  cbV> 
1  Ii  1 1-  1:        ■      .  : 

Lid  *ad  t 
Iftknrifni  ol  11 1  menu 
*t  reservoir,  of  the  eafiwa')  to*  ta&,  vote  oX  «Coui  coats*  I 


... 
......  ... 

suspended  from  brace*  passed  orcr  his  shoulders,  and 
»n  by..  body,     i 

■ 

f  amouthj  ched,  thus 

ftg  him  tobroitbc  f:  :ic  supply 

he  rev  jnous 

h 

■    urn  I      and  tfli    n  i ■      I  ■ j' 

mplc  :*«!■  | 'Mi  |i"«. 

.Mih  Ihc  n 
..   *  .  i     i    ,  city  of 

,  &c. ;  the  gas 

n   bi]    I   cu    ;■.:  >•     in  ins   lailway 
lining  ti'ii.i  number.  0 

iicnts*  having  adopted  them  after  making  dean 

been  described  by  tin-  ■  et  d« 

■  itiafag  the 
id  vi  thtjoon 
fetAfld  (own*  in  which  oprriments  with  thi« 

ne  hundred  lives,  mk)  the 
or  has  recc  >l   in  mi  nia   b)   nuim 

$  from  poUi    i:      Mr,  ,  and  tru  price 

*ra»  to  place  one  or  more  ^  reach  of  all  persons  having  property 

tact 
■      i  ■.;  iy«, 

and  success!'  intent  was  tried  In   Portsmouth 

Mi.hi:i„!r.  tlu.  L.i  -•11- 

he  wearer  to  bft  !:!■■' 

•  Yard, 

■ili   ■:  ;    ■    M     .1      ll    (In-   [Ullli   ip.il  i>f(i<  il  . 

I     -.  i      nt    in  il.*  foundry,  thr  i  nit  ■-!   whii 

■  |  .1       •  I  ,..*■.    . 

Lhcn  closed,  so  that  the  place  was  soon  nllcd  with  ■'<  di  n  ■ 
cc-i  moke     M  ■  siMcd 

arm  b  ■  Mi  lU  p  -I    il 

lot*  which  wai  .■-  tn 
•.-th.  -the  nottrils   being  u  the  wme  til 
.<  ,r  h:i»  then  ilung  on  hit  back.      Being  '.!■  i 
i  him      nd    ■         lie  rein 
-     o    .. 

hich  one 

tfceadrr.  *  led,  and'  being  lull  y  equipped  . 

incd  three  i 

il,  anil 
d  both  men  staled  thai  ln«"s  iwxA  xw  > 


■ 

■-«!   jaxy  It 

.j*  jtHt ,  r  I 
•,  Afici  be 

■ 

I,  rf). — \STiro  carr- 
ied through  red-hoc  charcoal  it  pin-.  atom  of  axjpa, 
unite*  with  Another  of earbon                          nieood*. 

'" 

I  even  more  p 

:hc  burau      ■ 

lie  cinders  called  "br 
By  boiling  cr; 

to  carbonic  *  : 

■ 

'  i  i -i..(  n     i  or  I   WITH  llvi 

■ 
■if  llii  ■        .       I  *  lU 

■ 

rbortttod  hviii  •  \»\t  carburtticd  hydro-,. 

lip—  l»gt:1 
— *OdATtgM 

Btanant  pools  >d  deooBayrnr, 

Soda  iinl  mflon  Dcctatt  heated  to|\ 

I     hoary  carburcttcw  h>-:lro; 
constituent  of  coal  ^  ...  to  whi 
ilr  I 

I  c:  r  *  *  i  ng  ibr  eaosv  - 

H"dM  BUIv 
with  :!■  ii      It  in  rn  pi  red 

.     • 

■     JrJ    oftrfi 

•osc  the  Avoontf 

Brandt.  Ihcman,  Trooatuick.  And  La- 

j.--  rcaembbag  a 

was  produ- 

<vr  r,ydn>CATton  t^^sareccnuiTrfd  in  coat 

ii 
ffoiti  %  *  to  mnwc  i  ■  I' ct  t^H 

U  cknsiadw* 


HOttOiV. 
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BORON. 
Symbol,  B.    Atomic  weight,  109. 

5sr  Humphrey  Davy  proved  :ln  .  :i:ul  tin- I 

•  haytar  'H,,:-     B<  '"  h  acid  k  Obi  D  borax,  *n  called  from 

Mirufc,  which  tign  fi  '*/. 

iK-r  and  DevlUe  gfre  ilic  fo  w  -  to)     be 

torphou*,  dull,  olive-green  horoi  ti    ol  powder;    i^ognuntv 

ydnde  (boracic  acid,  HtOf       -  « ■     sely  pi-nvdi-p.-d  .mil  1 
wild  90  jrammci  11I  sodium  eul  into  am  til  pieces,     rhc  mixlun   ij 
oduccd  into  a  eaat  iron  cru<  iblc  previously  heated  to  bright  rcdnc»; 
70  or  Ito  jrrjjwuc*  of  solid  and  pr 
lyfusca  sodium  chloridi  '  ocd 

...  of  iii    mi  ■  d  tho 

crucible  is  covered.    As  won  ns  the 
reaction  it  over,  the  still  liquid  moid 
:  |y    (irr.il  mill  an  b*OH  '  "I. 

xadpourcO.  whilst  red  b      aasl 

attaaRi    into*  Urge  and   deep 

Containing  i.  i'<  1    aciduhib    I  with  hy- 

1  id,        1  he    pulverulent 

then  collected  nn  a  I  le    .1  iri 

shed  with  acidulated  wati  1  till  tl  1 

u    u  :.i  ti  goi  ndol     iftt  1 

the  WA*htnj:    fn.iy   I)  nfinucd   with 

tor  until  the   -'     m  b  "!'"•  i" 
through  the  Alter,     It  Is  finally 
dried  upon  a  porouK  »lab  without  the 
application  ol  h 

Cwyst/tftiTftf  /Uri'n.—  in  orda  to 
convert  the  am  i^thou*  into  ihr  crya- 
tulli/ed  form,  the  Mrne<  1 is!  1  adopt 

tin*  following  uit-thud 

I    H(    •  M.iri    mil   ililr    :•    lilt  d 

with  the  powder  or  amorphous  horon, 
made  in  with  wjii 

bcinjj  pressed  in  strongly.  ■      m 
IC  ordinary  modcol  lining  a  enn 
Charcoal.  Enthc  central  cavity* 
:c  of  aluminium,  wciffhinj;  from  <i  to  9  jrrnmrncr..  it  ph 
[ed  on.  and  the  crucible  enclosed  in  a  second,  the  inte  an  the  iwo 

■JTud   with  1    r«-nth  :imii(i-i1  i:h:in.u  d.      TT|»  OUJtOr  •  iin  ilic  {«  :;i  \l  1  l04#d 

with  ;i  luted  eover.and  tot  whole  expoved  rot  .1  couple  of  hour*  »oa  heat  *ufn- 
1  tl;  the  temperature  is  tl 
of  1  hi-  innri  1  nn  iblc  .it    dif; ■•■  ipd    n  cl    ul  <i  liydrochlori)    acid, 
out  the  aluminium ;  beautiful  crystals  of  boron  m  left,  gene* 
wit.  -ut,  but  ol  a  dark  brown  colrnn 

.    rl  thi     10-cflllcd  : ■;  dp  1    iflo)     1 

with  aJm  arc  formed  at  the  same  time  in  pale  coppeT-colaurcd 

■     ■ 


UstfitlFmrm*    tor*  mrfSUpfm 


A 


s» 


tyl<—S*r+ttf  Firr-ii.xy  Furtt&f. 

Boron,  V-  ~ee  coiufitions.  \v.t  amerpbo*. 

crystalline,  ind  4iH 

crcno   will  '»c  made c<» the  nujufutue 
of  artificial  pn 

tnrmt     Wf 

Cif  boroa  and  -««pt  p 
t.'a  i 

vol  KUi'. 

T  ccouif.  rtui 
qtj.inir.iv;     of    tarac'. 

lagoons  »urto«adiDg?fcraM0 

of  tbr  *^^^| 

-iti.nBf^^H 

rid  Involve 

;  with  Um  »<*s  ■* 
"  lion    i4  l>:«»f»;    *£]«1  mmsI 

F&493,.  f  Iron  Tray,    «*j 
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■1  b>  diuoIvitiK  f.rtir 
l| 
'he  bora*  ■     ae  a  formed,  and  bo- 


B*  493-— <*"«u-A*rJW,  t«rf  PfoliMxw  CfeMMr  and  CruriNe  7adtett 

fee  f UMg  bulla  net  requiring  i  li^t.  inc\s >  | 

.-DCidciyslalUicsoutoncooImfftnpcifly  looking  scales!  ihcscore wrtshed 

The  fu»d  crynals 
«ue  aM  in  four  times  it  '  boiling  n  .  the 

boraclc  aod  cryiUluKS  on  cooling 


toriur% 

,».  is  a  trifterife  of  boron  i  nitride  of 

.iKSKilhcfcm.irkA'jlL  property  of  combining  with  nitruKtii 
A  ad  heat. 


SILICON 

Sjmbnl,  Si  ■     i.  a& 

MA^MeUllic  •■  bstttee (*i  present  ,whov  evntcne*  in  fHnl  {tfter)»w 

lioon,  hk 

tamed  by  p\-Mtv£  tkc  \tfx&.tw3rA«.  ** 
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*ihca  into  water,  producing  an  acid  KUUSion.  TT*«clr*-*Widci  ■ 
heaiinf  a  mixture  of  sind  with  powdered  rtuoc  j^ur  and  *a)j >  TW 

But  be  (iKiK'd  throujh  i  cup  ccouintng  mtrcarY,  o 
<rhd,  «Copj< 
lie  k*s,  would  ctuic  an  ":c. 

!<xi  of  causik  potiuli  »*Jd»  puuiw; 

Wb  :h  nearly  lt«  o«n  weight  of  »nd»*, 

Hid   It-       I.  \*OA, 

and  when  the  whole  i^  tfcoi  a  4  dried,  l  riai.  lw»» 

powder  ii  obtained. 

i  and  boron,  may  be  obtained  m  three  cooAii 
phouj.  cm  ,     In  "li    arnorpo 

oxygen,  and  then  forms  silica.    Crystals  $tt* 

a  rto  r.  ,irc  or  three  juru  of  pou 

of  metallic  ttdRum  and  four       it        fcavi  ■■ '-  perfect    u  "i"  ntantjMUfli 
requires  thu  the  sodium  shi  .d  and  the  ni 

[Krtiled  on  I 

•v  bah 
■  m  .    .;      In  ,|  will  ,,  . 

of  rao. 

IT*   graph  ilk  form  ol  x  the  anaorpb.    ■ 

■ 

totmd  of  oxygen  and  ftihea  which  specially  demand*  t-  i 

*•  B«S 
obun'J  turc.     It  not  only  w  .  r^arljr  pc."' 

::butcd  in  the  (or?;. 
Ihrouyjh  thu  mineral  pn  '►•:-    FrtaBj 

1 1 1 -_■  f  1  y  to  the  pic*cnoe  of  tilicic  dio«ide. 

Sll if-   in   IWO  V.il. 

nil  M, 

LtCOtoaC  I     '['f*:*ri  ccifetlly  vri* 

powder  which  is  ncarh/  pure  sdic.i.    Any  artificial  irnorphe-- 
dissolved  in  alkali ic 
The  cry.:  :>xdufvor 

generally  combined  with  minute  proportion:;  ol  metallic 
whi  n  id  brilUa 

is  a  mo»i  al  p  vein*  and  master 

-...  I  %.  ..[ 
..I   Uic     l"  ip  ■■   in  ■ 

fli  .  ..;.■„■,..  .... 

boldt  m  in  i  or  l>ot\,  niiu. 

■ 
consists  of  i  xmrxyrt,*! 

of  »  i  f.  Me-Vt  wall 

ill  acids  i 
»h«n  pul  j  vAcM*  b.& 


UK   "    '••*»- 


fbloi  .-p.-«i*S« 

The  " UtCnty  Unl  '    tiftfCtte'  j£c*soc  r* 

ttdft* 

Ilu*  Cjlms  ami  Dh 

"T 

westrers  o!  jewe  ■ 

..    ■ 

bnBiiM  mrkiiCJ  <» 
e  hue  u(  ihL  none,  woald  b»  no  rv-'im  bf  «cb- 

the 

■  s  ready  with  marvellous  transform nintu,  is  truly  nrcnurcitOc 
He 

i  pmcem 

•*  l.ri  m  begin 

m  leroui  vari  :«*rt- 

nyx,  and  helioti  >p«       Thi     -ill  consul 

■■       I..:..;.. 

i    1 1:.  -r  :  forty  mit- 

•ion  not"!  itivsumi:  .  latcrcstiagCMhi, 

vho  shall  explore  it*  <1<  paths  Alan;  C« 

.■ 
coarse  rc*i  conglomerate  ire  mcc  irlth,  Interposed  with  trai 

•-ruble  *f4^^H 

-  t-*n^^H 

,. 

n  ::i  ilk.iltli     in 

■ 

"  I  lie  nodules  of  agate. 

■  .  ... 

.  ;    , 

i    mi  toil  :■■.  b  n  it  i  high  tempo 

■..    : 

1       lore  a  i 

by  the  Milphuin  .a  nl 

ends  on  the  porosity  of  tk;  laytr. 
pom 

ben  la  as  i  i.-r*  in  a  week  »t  u 

■ 


m 


ti  rfc  ftfld- 


*d  by  the  ooiounnr  matter  between  the  layers,  arc  stiiprd  ill  r- 

. 
soak  ■■■■■!.    .1  sulphite  * 

.whoorsintfcco>en,abnc  cornelian  red  b  produced  in  ilie  p 
layer*,  i  ■  <■  not  porous  remain  unaltered, 

poen*  th  lcmdy  prey 

:ir  natural  con  ■  ild  be  valueless,  are  passed  off  ■■  stones 

-.lie  bit  J ■•■ 

,:  .:  . 
unt  I        I ■  ■       olo 

Cthc  !!■  nil"      .11 

■ 

I       dealers,  when  making  tl  haac*  of  what  we  may  all  i he  raw 

■  . 

ml  watch  \h 
»te.     Iffcti  -mal,  the  stone  is  jjood  for  an 

ji  is  added  to  the  fa  tics.    TliiA.  however,  ii  boJ  a 

i  v. 

,   ,.  o  ind 

,   .  ■  .  .       . 

Tftf  :v  .1  .'■■  i 

ofmbmit  cell  oacd  to  the  sun.  produi 

lours,  as  is  observed  ol  the  stria:  t>  if-pe*ri  i  tie*  in 

I  in  water,  whi 

nd;  And  it  is  a  remarkable 
!.  tf  kept  In  a  dry  place,  the  water  ciiAppcors,  but  without 

on  ihc  mi.  !  u  Monet  can  only  be  i 

•I:  a  Urge  on«- 

id  the  rw 

•  I*  of  clu!  edom 

■I'    ■   •■    ■!!    Ill    .. 

weeks*     A  blue  colour, 

has  ft]  ■    |  o  duccd,  hut  t^c  parti< 

rng  pro<  ■  hitherto  been  kepi  nonca  which  are 

tint  -itiii  add  to  its 
iriy  lustrous  under  the 
itlon  being  i 

-  it  with  a  clear  hriy 
diffused  throjjrh  the  whole  mass.      The  smallest  stones  are  roasted  before 
i  ■   i 

fir*  cut  into  the  required  shop*  and  tollmen  Bj  to 

been 
agh.  In  ... 

nr  %tr.  i 
1  who  exMiiinrd  thr  col  o  rare 

BOth  >h 

bstftn< 

aide*  oi  '.i  w  beaui\<viLV:  towttanA 

tothemr.  s. 


lom 


n  of  the  sni 

■Mo  ■ 


fdii  wa»  a< 


V 
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v/srjeK 


■      |     .  ■  .         . 

your  .  d  to  >  m  making  *-\»;*L  rw  Uni 

trao'N  ents  lor  : 

aliiut  uihcf  means,  ar.ii.  c.pj  ?^*J 

.  renltt.     He  produce*  cry -:  .and  in  I 

i'Ii  ibcacwhootK?  i  .  Swcr. 


A       A  I 


SOflHI 
IMMNM 


o  M    Ebcl  bdi 

ii'  ivV.iir    i 
. 
pnulu  i 

..It*  :ind    :  Hy  .1 

process  he  ,  I  cpml  1 

■  ' 
.  olours  could  be  imparted  by  the  adm  . 
alcoholic  lulu  hoi 

. 
fukcv  nti id  kepi  in  (untight.  The  rbkes  cliingc 

Jlir    '«_!(•*    'hruttft  - 

mut;  an<  whj  one  geolo..  **«■ 

the  Mode  0  ■  ■       :  rocks  inn ;  .  ptuD- 

I  become  ■ 

red  it,  '.t.c  dttiusianotti :■. 
ihrou  ml  u  yet  more  rrurvciluus.- 


SliU 
Symbol,  Sc.     Auan-.  -9-3, 

l 'his  clement  ia  intimately  conox-  ailplim,  «kj1*si 

mVovcrcd  by  i  Bl7.  in  the  :   U         1  itKU* 

1  Sweden,    u  I  mca 

state  ;•!  Culcbras,  Ii 

u  fora    :  .  obi   ined 

n  iiiv  mcdalli  »*■«!  fc- 

•cij  1  im  (Fig.  vfi-     *Abt«  K&tfltea- 

IfljiJIUL    ill  '■■ 

vhra   »^niica 
"..lli*edf  be 

;  ji>5,  .im!  (  /'-  -  e*%i 

ut  a  l-  ,.  f  Y\.u  inor  soffn* - 

ibe  boiling  point  M*<. 

m  cewnl  ii  tutc  aer  smdL 

food  by  transmitted 

m  fofTTrt  a  K&d  ui  a  ta<v  Yx 
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lustre.     U  m  H.  .  ■!..  *  non-conductor  of  heat 

til  ,  lllL- x.i  •-■,  ;hl  blue  l!*j  -cvu- 


Pcrtrsit  0/  BentUus,  the  Discovers  o/Sd.  \ 

(.from  *  «•!  in  Um*  tub- 


Ike  m  arc  aetenlc  dtad 

anh;.  n.l 

Kntfl  (n  coircspondiiiK  •  known,    i  leni 

<hh«Wc  :okn,itc  (H»Sc<),'. 

.iurrttc-d  hydrogen,  or  dih«  n.         ,  ■,!.     h  S<  .       pi  owed  by  the 
action  of  an  a^ii  on  iod  jrat  is  0  which  pofnmUy  stimulates 

the  nose,  destroying  for  tome  hours  the  sens*  ol 
babbit-  irf  1  he 

:  unell,  1i1.1t  In-  cannot  discern    even  inc 
,  .;  1  ;  ■ 

..1  n.iuw-im*-tinr-llii  sllnlwilpnurrttrd 

Ki  Icniiim  and  chlorine,  v,i.  I,    j         Q,;  [hi 
urown  voUrile  fluid,  and  the  Utter  a  volatiL    whn 


SULPHUR, 

ht,  \2. 


liully  of  sulphur  used  in  England  comes  from  the  volcanic 
*  nf  -     ■  KUi;i    and  m  uthej   plat  1 

I  ■ 
anforatai  cmpl  •  nd  is  thus  described  by 

1  ;amaauticturer  named  Michel.  >A  Mancdll 
hh  ■■  ■  ■ 

t^rrrf-  ....  'id  a 

1     ii  .-  '.        ..1  wiii.  I    rhis  a  converted  into  solid  sulphur      Phc 

1  is  a 

■ 
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wherein  the  crude  sulphur  is  melted  by  the  waste  heat  of  the  furnace  to  faci- 
litate its  introduction  into  the  retort.  When  the  retort  has  become  sufficiently 
hot,  the  sulphur  begins  to  pass  as  vapour  through  the  tube  or  opening  D  into 
the  condensing- chamber,  E.  This  chamber  is  built  entirely  of  brick,  with  a 
well-cemented  brick  floor.  On  its  upper  part  a  small  chimney  is  erected;  this 
chimney  contains  a  small  wooden  valve  or  door,  capable  of  opening  outwards 
to  allow  the  expanded  air  to  escape,  and,  in  case  of  explosion,  to  allow  the 
gases  produced  immediate  exit.  This  apparatus,  when  cold,  allows  solid  sul- 
phur to  form  at  once  in  the  shape  of  the  ordinary  commercial  flowers  of 
sulphur  i  the  vapours  immediately  coming  in  contact  with  the  cold  chambers 


V  V.  400,— Tks  Subliming  Apparatus  u&Jm  the  purification  of  crude 

Sulphur. 


kc  *VJttt  and  fill  as  a  minutely-divided  solid  These  flowers,  as  they  are 
.  .itlvJ.  .uv  removed  before  the  chamber  gets  hot.  which  is  the  case  after  a  fir* 
ii.i%V  \uuking.  The  whole  of  the  heat  which  the  sulphur  has  taken  up  in  order 
*»  Uwiik*  vapour  being  given  out  to  the  walls,  they  thus  acquire  such  a  high 
.  mivi.iune  .ts  to  fuse  sulphur ;  therefore  it  can  no  longer  become  solid,  bot 
OiwVuws  h*n  their  surface  in  a  liquid  form,  and  falls  down  to  the  bottom,  where 
.  sWUvtx  When  the  operator  is  satisfied  that  sufficient  has  distilled  over,  he 
yi\vv\\U  |*»  remove  it ;  this  he  docs  by  the  plug  apparatus,  F,  which  is  only  an 
■w»u  yW  with  a  long  handle,  and  by  pushing  the  plug  inwards  he  opens  uV 
'uiikvlu  the  flow  of  liquid  sulphur,  which  runs  into  suitable  moulds  to  form 
ibff  m<;k*  \*  rolls  of  commerce.  The,  ttsn&oc  \s  niaA.  <»v  «£  the  retort,  whicfc 


iHiaicir  cfcigcd  ap»in  by  removing  the  plug  that  closes  the  cube  bc- 

When  | 
i  -foiit  a  p< 

(1  $oo 

<i»r  ir^  li.  ...'.■  i, 

AhN-"«ti>*h  «"*•  <  l>-  used  in  1  -ulphur  i*  cm- 

ilk,  Him. 
Tncre  arc  throe  nv  .    .  is,  the 
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volume  of  sulphur  vapour  condensed  into  two  volumes,  has  a  specific  gravity 
of  1*191 ;  and  100  cubic  in.  weigh,  at  6o°  F.  and  30  in.  bar.,  38  grains.  It  is 
very  poisonous,  and  if  one  measure  is  mixed  with  600  or  1,200  measures  of  air. 
the  highly  diluted  gas  is  still  most  poisonous  and  will  soon  cause  the  death  of 
a  mouse  or  a  bird. 

The  analytical  chemist  requires  this  gas  for  the  purpose  of  determining  in 
a  qualitative  analysis  the  particular  group  to  which  any  metal  discoverable  by 
this  gas  may  be  referred,  and  it  is  one  of  the  most  useful  re-agents  employed 
in  the  laboratory. 

There  is  another  compound  of  sulphur  and  hydrogen  called  hydric  per- 
sulphide,  or  persulphide  of  hydrogen,  i i,S,. 

Sulphur  also  unites  with  carbon,  forming  a  most  useful  and  volatile  fluid 
called  carbonic  bisulphide  or  bisulphide  of  carbon,  CS«= 76.  This  compound 
dissolves  phosphorus  in  the  ordinary  state,  but  not  when  in  the  amorphous 
condition.     It  is  one  of  the  best  solvents  of  caoutchouc,  gums,  sulphur,  Ac 

Sulphur  chloride  (SaCU=  1 35),  sulphur  dichloride  (SCU=  103),  and  nitrogen 
sulphide  (SN)  complete  the  list  of  sulphur  compounds. 


PHOSPHORUS. 
Symbol,  P.    Atomic  weight,  31. 

A  merchant  of  Hamburgh,  engaged  in  the  useless  attempt  to  obtain  the 
Philosopher's  Stone  exactly  200  years  ago,  viz.,  in  the  year  1669,  discovered 
accidentally  this  peculiar  substance.  The  name  of  this  clever  and  perse- 
vering chemist  was  Brandt,  who  described  the  phosphorus  he  obtained  as  a 
"  dark,  unctuous,  daubing  mass.''  There  arc  many  other  interesting  particulars 
respecting  the  history  of  the  discovery  of  this  substance  that  will  be  found 
in  a  most  exhaustive  pamphlet  by  Mr.  George  Gore,*  from  which  the  following 
is  taken :  , 

"  In  a  *  Historical  Sketch  of  the  Progress  of  Pharmacy  in  Great  Britain,  by 
Jacob  Bell,'  it  is  stated,  that  *A  house  and  shop,  with  a  laboratory,  were  built 
on  the  Bedford  estate,  in  the  year  1706,  by  Ambrose  Godfrey  Hanckwitz,  who 
had  carried  on  business  as  a  chemist  in  the  neighbourhood  since  1680.  He 
was  a  maker  of  phosphorus  and  other  chemicals,  which  were  rare  at  that  period, 
and  which  he  sold  in  different  parts  of  the  country  during  his  travels.  His 
laboratory  was  a  fashionable  resort  in  the  afternoon  on. certain  occasions,  when 
he  performed  popular  experiments  for  the  amusement  of  his  friends.  It  opened 
with  glass  doors  into  a  garden,  which  extended  as  far  as  the  Strand,  but  whicb 
is  now  built  upon.  Four  curious  old  prints  of  the  laboratory  in  its  former  state 
are  in  the  possession  of  its  present  proprietors,  Messrs.  Godfrey  and  Cooke, 
of  Southampton  Street,  Coven t  Garden,  also  a  portrait  of  Ambrose  Godfrey 
Hanckwitz,  engraved  by  George  Vertue  (1718),  which  he  had  distributed 
among  his  customers  as  a  keepsake.' 

"When  we  consider  that  1,000  parts  of  urine  contain  scarcely  one  part  of 
phosphorus,  and  of  this  probably  only  a  portion  was  obtainable  by  the  processes 
first  in  use,  we  shall  not  be  surprised  at  the  statement  of  Boyle  that  *  the  liquor 
yields  but  a  small  proportion  of  the  desired  quintessence,'  or  at  the  price  of  50J. 


*  "On  the  Origin  and  fiogrub  ol  the  Thot^taroi  and  Mitch  Manufactures."    By  G.  Gotc 
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upper  end  for  the  reception  of  a  thermometer.  Heat  is  now  gradually  applied 
by  means  of  the  furnace  until  the  phosphorus  is  at  about  4500  F.,  and  that 
temperature  is  maintained  for  a  greater  or  less  period  of  time,  according  to  the 
amount  of  phosphorus  operated  upon,  and  the  mass  is  then  allowed  to  cool. 
A  quantity  of  about  200  pounds  is  kept  heated  about  three  or  four  weeks.  After 
this  process  the  vessel  is  opened,  and  the  phosphorus,  which  has  now  become 
a  hard,  red  brick-like  substance,  is  covered  with  water,  and  extracted  by  means 
of  iron  bars,  &c.  This  process  of  conversion  requires  to  be  conducted  with 
great  circumspection,  otherwise  (from  overheating  of  the  phosphorus)  fearful 
explosions  may  ensue;  experience  has,  however,  shown  that  they  may  be 
almost  wholly  avoided. 

**  For  commercial  purposes  the  red  or  amorphous  phosphorus,  as  it  is  termed, 
is  required  to  be  in  a  state  of  fine  powder;  the  stony  fragments  are,  therefore, 
broken  into  small  pieces  under  water  in  a  mortar,  and  ground  under  water 
between  pieces  of  mill-stone  in  a  vessel  supplied  with  a  small  stream  of  water, 
which  carries  off  the  finer  particles  in  its  overflow  stream  into  a  large  tank, 
where  they  gradually  subside,  or  into  a  filter  where  they  are  collected.  A  pro- 
cess is  then  resorted  to  for  the  separation  of  any  ordinary  phosphorus  which 
the  powder  may  contain. 

"  This  wet  and  finely-divided  substance  having  been  dried,  sifted,  and  packed 
in  air-tight  tins,  is  ready  for  sale. 

"  It  is  well  known  in  modern  chemistry  that  a  substance  may  exist  in  two 
or  more  physical  states,  possessing  very  different  physical  and  chemical  pro- 
perties, and  that  there  may  be  as  great  a  difference  in  the  properties  of  the 
same  substance  in  its  different  states  of  aggregation  as  there  is  between  two 
chemically  different  substances.  For  instance,  there  is  as  great  an  amount  of 
physical  difference  between  carbon  as  it  exists  in  the  diamond  and  as  it  exists 
in  pure  lamp-black  as  between  copper  and  silver  or  silver  and  gold.  The  two 
kinds  of  phosphorus  we  have  described  arc,  thcn^precisely  the  same  chemical 
substance,  but  in  different  states  of  aggregation.  The  following  is  a  comparison 
of  their  properties.  We  will,  for  convenience,  term  them  white  and  red  phos- 
phorus : 


WHITE. 
Poisonous. 

Evolves  a  strong  odour. 
Phosphorescent  —  luminous  in  the 

dark. 
Melts  at  1080  F. 
Very  transparent. 

Almost  colourless. 

Freely  soluble  in  various  liquids. 

Distinctly  crystalline. 

Soft,  may  be  indented  by  the  naiL 
Flexible  as  copper  or  lead. 


RED. 

Innocuous. 

Nearly  odourless. 
(  Not  phosphorescent — perfectly  illu- 
(      mi  nous. 

Melts  at  above  5009  F. 

Opaque. 
(  Varies  in  colour  from  nearly  black 
<      (with  metallic  lustre)  to  iron-grey, 
(      brick-red,  crimson,  and  scarlet 

Nearly  insoluble  in  all  liquids. 

Destitute  of  all  crystalline  structure 
(amorphous). 

Hard  as»a  common  red  brick. 

Brittle  as  glass. 


"The  great  and  most  conspicuous  fact  is  that  red  phosphorus  may  be  kept 
in  the  dry  state,  exposed  to  the  air,  without  inflaming;  whilst  the  ordinary 
variety f  under  the  same  circumstance^  o^uvcW^  \jgwtes.   The  minutest  quantity 
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nected  with  the  fireplace,  or  diverted  when  required,  by  proper  dampers,  to  a 
sand  bath,  as  at  A,  Fig.  509,  or  it  may  heat  an  oven  and  sand  bath,  as  at  B,  Fig. 
509. 

Physical  Properties  of  Antimony. 
This  metal  was  discovered  by  Basil  Valentine  at  the  latter  end  of  the  fif- 
teenth century,  and  is  so  called  from  the  Greek  curt,  against,  and  fiovtx,  a 
monk,  because  it  is  stated  that  some  monks  were  unfortunately  poisoned 
by  medicine  prepared  from  this  metal.  Antimony  is  crystalline  and  has  a 
brilliant  silvery-white  aspect,  and,  having  very  little  tenacity  or  ductility,  is 
therefore  easily  powdered.  The  specific  gravity  of  this  metal  is  6715,  and  it 
melts  at  about  1,150°  F.  It  is  used  in  forming  various  important  alloys,  such 
as  type  and  britannia  metals  and  pewter.  The  well-known  medicine  caDed 
James's  Powder  contains  this  metal  and  "  tartar  emetic;"  a  true  chemical  com- 
pound of  potassium,  oxide  of  antimony,  tartaric  acid,  and  water  is  also  exten- 
sively used  in  the  healing  art 

Chemical  Properties  op  Antimony. 

Antimony  retains  its  brilliancy  when  exposed  to  the  air;  but  if  melted 
rapidly  it  changes  by  combining  with  the  oxygen  of  the  air.  If  the  heat  is 
strongly  urged  it  will  burn  with  a  white  flame,  forming  a  heavy  white  smoke 
— the  antimonic  trioxide.  Powdered  antimony  takes  fire  when  thrown  into 
chlorine  gas,  and  becomes  very  hot  if  brought  in  contact  with  iodine  and  bro- 
mine, with  which  it  also  unites.  Aqua  regia,  n it ro-hydro chloric  actd,  dis- 
solves antimony  freely;  if  nitric  acid  be  used  alone,  the  metal  is  converted 
into  a  straw-coloured  insoluble  antimonic  oxide:  boiling  hydrochloric  acid  will 
dissolve  it.  Metallic  antimony  is  also  dissolved  when  digested  in  fine  powder 
with  a  solution  of  one  of  the  sulphides  of  potassium. 

Antimony  forms  three  oxides: 

Antimonious  oxide,  Sb,Os; 

Antimonic  oxide  or  anhydride,  Sb,Q, ; 

Antimonious  antimoniate,  Sb,O.Sb,C>6. 
It  is  the  first  of  these  oxides  which  is  used  in  medicine. 

This  metal-like  arsenic  unites  with  hydrogen,  forming  antimoniuretted  hy- 
drogen, having  the  probable  constitution  of  SdH»,  and  is  evolved  whenever 
the  metal  is  brought  in  contact  with  zinc  and  dilute  sulphuric  acid. 

There  are  many  niceties  required  in  the  discrimination  of  this  metal  from 
arsenic;  and  as  both  metals  arc  used  by  poisoners,  the  reader  is  referred  to 
the  best  works  on  toxicology  for  the  analytical  processes  required,  not  onlyto 
detect  antimony,  but  also  to  distinguish  it  from  arsenic. 


BISMUTH. 
Symbol,  Bi.    Atomic  weight,  21a 

Sources  whence  Derived. 
Bismuth,  though  not  a  rare  metal,  is  by  no  means  abundantly  distributed 
throughout  the  crust  of  the  earth.    It  occurs  native  in  Saxony,  Bohemia,  and 
Transylvania,  and  is  simply  meVveA  cwl  of  the  crushed  quartz  with  which  it  « 
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The  hot  air  oven  is  heated  from  below  with  a  gas-flame ;  a  much  higher 
temperature  may  be  obtained,  and  conveniently  regulated  by  a  thermometer. 
No  solder  is  used  in  the  construction  of  these  ovens,  which  are  most  useful 
for  drying  precipitates. 

The  general  chemical  analogy  between  nitrogen,  phosphorus,  arsenic,  anti- 
mony, and  bismuth  is  well  shown  by  tabulating  some  of  the  compounds  having 
the  same  number  of  combining  molecules. 

N,0,  ....         Nitrous  anhydride. 


P.O. 
As,0, 
Sb.0, 
Bi.O, 


Phosphorus  do. 
Arsenious  do. 
Antimonious  do. 
Bismuthous  do. 


CLASSIFICATION  OF  THE  METALS. 

Although  the  metal  tellurium,  and  the  group  of  metals,  arsenic,  antimony, 
and  bismuth,  have  been  discussed  because  of  their  remarkable  anology  to 
certain  bodies  belonging  to  the  non-metallic  substances,  the  arrangement  of 
the  whole  of  the  metals  in  proper  groups  must  not  be  omitted,  because  the 
student  is  so  much  assisted  by  studying  them  not  only  individually,  but  in 
their  relations  to  each  other. 

Gmelin  arranges  the  metals  in  six  groups.  Dr.  Miller  in  eight,  and  Professor 
Roscoe  in  eleven  classes,  the  latter  of  which  will  be  adopted. 

I.  Metals  of  the  Alkalies  (five  in  number). 
i.  Potassium  3.  Lithium  5.  Rubidium 

2.  Sodium  4.  Caesium  (?)  Ammonium 

II.  Metals  of  the  Alkaline  Earths  (three  in  number). 
I.  Barium  2.  Strontium  3.  Calcium 

III.  Metals  of  the  Earths  (nine  in  number). 

1.  Aluminium  4.  Erbium  7.  Lanthanum 

2.  Glucinium  5.  Zirconium  8.  Didymium 

3.  Yttrium  6.  Cerium  9.  Thorium 

IV.  Zinc  Class  (three  in  number). 

1.  Magnesium  2.  Zinc  5.  Cadmium 

V.  Iron  Class  (seven  in  number). 

1.  Cobalt  3.  Uranium        .  6.  Manganese 

2.  Nickel  4.  Iron  7.  Indium 

5.  Chromium 
VI.  Tin  Class  (four  in  number). 
1.  Tin  2.  Titanium  3.  Niobium  4.  Tantalum 

VII.  Tungsten  Class  (three  in  number). 

1.  Molybdenum  2.  Vanadium  3.  Tungsten 

VIII.  Arsenic  Class  (three  in  number). 

I.  Arsenic  a.  Antimony  3.  Bismuth 
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and  kept  cool  with  a  damp  cloth.  The  receiver  is  attached  as  close  as  pos* 
siblc  to  the  generating-bottle,  and,  should  the  potassium  choke  up  the  neck, 
a  provision  is  made  to  remove  the  obstruction  with  a  sliding  rod.  Finally, 
the  receiver  is  plunged  into  Persian  naphtha,  and  when  cold  the  potassium  is 
removed  and  preserved  under  naphtha.  The  crude  potassium  is  always  re- 
distilled, to  get  rid  of  a  peculiar  black  detonating  compound,  and,  when 
required  very  pure,  is  even  distilled  again. 

Physical  Properties  of  Potassium. 

This  metal  has  a  specific  gravity  of  0*865,  and  is  the  lightest  of  all  metals 
except  lithium :  its  specific  gravity  shows  that  it  will  float  on  water.  At  o1  F.  it 
is  crystalline  and  brittle,  and  at  ordinary  temperatures  is  very  malleable— or 
rather,  in  this  case,  soft  and  pasty — and  becomes  perfectly  liquid  at  1440  $'F. 
Two  clean  surfaces  arc  easily  welded  or  squeezed  together ;  indeed,  the  ordi- 
nary terms  as  applied  to  other  metals — such  as  malleability,  ductility,  and 
tenacity — may  be  exchanged  for  the  general  one  of  plasticity. 

Potassium  is  a  bluish-white  metal,  and,  when  freshly  cut,  retains  its  brilliancy 
for  a  short  time  only,  being  speedily  covered  with  oxide.  Potassium  may  be 
crystallized  by  melting  some  in  a  sealed  tube,  and  just  at  the  point  of  solidifi- 
cation, when  a  few  solid  points  appear,  if  the  fluid  portion  is  poured  away  by 
inverting  the  tube,  the  residue  crystallizes  in  the  form  of  shining  octahedral 
crystals. 

Chemical  Properties. 

Potassium  burns  with  a  violet  light  when  heated  in  the  air,  or,  if  thrown  on 
water,  is  so  rapidly  oxidized  and  heated  that  the  escaping  hydrogen  takes  fire, 
and  burns  with  a  rose-red  flame,  because  some  of  the  potassium  volatilizes  and 
burns  with  it.  The  resulting  potassic  hydrate  (KHO)  takes  the  form  of  a 
liquid  red-hot  ball,  and,  gradually  cooling,  appears  like  glass ;  and  then  coming 
in  contact  with  the  water,  from  which  it  was  repelled  whilst  hot  by  the  escaping 
vapour  on  the  spheroidal  system,  it  bursts  into  a  number  of  small  particles,  any 
one  of  which  entering  the  eye  would  cause  great  pain.  Each  atom  of  potassium 
displaces  half  the  hydrogen  of  an  atom  of  water,  and  potassium  nydrate  is 
formed. 

2H.0  +  K,    -     2KHO  +  H, 

Water.         roUsiium.  Potash.         Hydrogen. 

There  are  three  distinct  oxides  of  potassium,  viz. — 

1.  Potassium  dioxide K,0, 

2.  Potash  or  potassium  monoxide       .         .        .     K.O 

3.  Potassium  tctroxide  or  peroxide  of  potassium     K,0, 

The  chief  salts  of  this  metal  are  potassium  carbonate  (K,CO») ;  potassium 
nitrate,  nitre  or  saltpetre  (KNOa),  used  so  extensively  in  the  manufacture  of 
gunpowder,  which  contains 

Nitre     .        .        .        .    75  parts  by  weight, 

Charcoal        .        .        .     15         „        „ 

Sulphur  .     10        „        „ 

100; 
Potassium  chlorate  (KClOj),  already  mentioned  as  an  important  source  of 
oxygen  gas;  and  potassium  su\pbaxt  (K»SO*V 
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into  cold  water  it  does  not  appear  to  produce  enough  heat  to  set  fire  to  the 
hydrogen  escaping  around  it ;  if,  however,  the  water  is  thickened  with  starch, 
or  hot,  or  if  the  sodium  is  placed  on  a  piece  of  wetted  blotting-paper,  the  heat 
accumulates,  and  then  the  hydrogen  burns  with  the  metal,  which  emits  a 
bright  yellow  light.     The  speci6c  gravity  of  sodium  is  0'972. 

Chemical  Properties. 

Sodium  volatilizes  at  a  heat  below  redness;  it  tarnishes  directly  it  is  ex- 
posed to  the  air,  and  forms  two  oxides : 

Soda  or  sodic  oxide Na.O  =62. 

Sodic  peroxide Na.O,=78. 

The  chief  salts  arc  sodic  chloride  (NaCl),  sodic  nitrate  or  cubic  nitre 
(NaNO»),  and  sodic  carbonate  (Na«CO|);  the  latter  represents  in  its  manu- 
facture one  of  the  great  commercial  elements  of  wealth  in  this  country,  and 
involves  processes  conducted  on  the  largest  scale  by  which  common  salt  is 
converted  into  "  salt  cake,"  then  into  "  black  ash,"  and  finally,  by  lixiviation 
and  evaporation,  the  soda-ash — viz.,  the  carbonate — is  obtained. 

The  phosphates  of  sodium,  sodium  borate,  or  borax  (Na,0»,  BgOi+ioHiO), 
the  sodic  silicates  or  soluble  glass,  and  sodic  hyposulphite  (NajS.HaCVHHiO), 
used  in  photography,  are  other  examples  of  useful  sodium  salts. 

Sodium  is  recognized  by  the  yellow  colour  it  imparts  to  flame,  and  all  the 
sodium  salts  except  the  antimoniate  being  soluble  in  water,  the  detection  of  this 
metal  is  effected  rather  by  a  negative  than  a  direct  process.  The  spectroscope 
is  most  usefully  applied  in  this  and  many  other  cases  where  the  presence  of  a 
minute  quantity  of  any  metal  is  suspected. 


RUBIDIUM. 
Symbol,  Rb.    Atomic  weight,  85-54. 

This  metal,  so  called  from  the  Latin  rubit/us,  dark  red,  was  first  discovered 
with  the  spectroscope  by  Bunscn  and  Kirchoff  between  i860  and  '61.  It  is 
said  to  be  a  white  metal  capable  of  rapid  oxidation,  and  having  a  specific 
gravity  of  1*52.  It  is  present  in  small  quantities  in  lepidolite,  and  was  origin- 
ally discovered  in  the  mineral  water  of  Diirkheim.  At  140  F.  it  is  soft,  and 
melts  at  1010  3'  F.  At  a  temperature  below  a  dull  red  heat  it  is  converted  into 
a  blue  vapour  shaded  with  green.  Like  potassium,  rubidium  takes  fire  when 
thrown  upon  water. 

Rubidia  (RbiO)  is  the  only  oxide  of  rubidium  known,  and  rubidic  chloride, 
sulphate,  nitrate,  carbonate,  and  hydro-rubidic  carbonate  or  bicarbonate  are 
some  of  the  salts  of  this  rare  metal  which  have  already  been  investigated. 


CESIUM. 
Symbol,  Cs.     Atomic  weight,  133. 

This  metal  was  also  discovered  by  spectrum  analysis,  and  so  called  by  its 
discoverers,  Bunscn  and  Kirchoff,  from  arsitis,  sky-blue,  in  allusion  to  the  two 
brilliant  blue  bands  produced  by  it  in  the  flame  used  for  its  volatilization. 
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"  Hydrogenium  a  Metal. — At  the  Royal  Society's  conversazione,  Mr.  W.  C 
Roberts  (for  Mr.  Graham,  the  Master  of  the  Mint)  exhibited  a  curious  ex- 
ample of  the  absorption  of  hydrogen  by  palladium,  and  consequent  alloy  and 
expansion  of  the  metaL  A  coiled  ribbon  of  palladium  was  attached  to  each 
pole  of  a  small  battery  in  a  water  bath.  The  current  being  turned  on.  the 
ribbon  absorbs  hydrogen,  expands,  uncoils,  and  stretches  itself  across  the 
bath ;  then,  on  reversal  of  the  current,  shrinks,  and  re-forms  its  coil,  while  the 
opposite  ribbon  goes  through  the  opposite  process.  The  appearance  is  that 
of  two  worms  wriggling  alternately  to  and  fro  across  the  bath.  In  another 
instance  the  expansion  was  shown  by  a  red-tipped  arrow  making  bold  sweeps 
half  round  a  circle.  These  experiments  demonstrate  the  enormous  capacity 
of  palladium  for  absorption  of  hydrogen,  and  verify  Mr.  Graham's  conclusions.* 


CLASS    II. 

CALCIUM,   STRONTIUM,   BARIUM. 
Metals  of  the  Alkaline  Earths. 


CALCIUM. 
Symbol,  Ca.     Atomic  weight,  40. 

Mountain  limestone,  marble,  chalk,  gypsum,  marls,  and  various  soils  are 
all  common  sources  from  whence  this  metal  may  be  derived.  It  is,  however, 
usually  procured  from  calcium  iodide  by  the  action  of  metallic  sodium,  and  is 
then  described  as  a  yellow  metal,  like  pale  gold,  having  a  specific  gravity  of 
1*580.  Calcium  was  discovered  by  Davy  in  the  year  1808,  and  obtained  by 
him  from  lime,  a  substance  long  called  a  calx  or  earth.  In  hardness  calcium 
takes  an  intermediate  position  between  gold  and  lead,  and  can  be  beaten  into 
very  thin  leaves.  When  exposed  to  dry  or  damp  air,  it  tarnishes  and  is  gradu- 
ally oxidized.  When  heated,  it  burns  with  a  white  light,  forming  the  only 
oxide,  called  calcic  oxide  or  lime  (CaO),  sometimes  termed  quicklime,  to  dis- 
tinguish it  from  the  hydrate  of  lime  or  calcic  hydrate  (CaH,0,). 

The  use  of  lime  in  the  mixtures  called  mortars  and  cements,  also  in  hydraulic 
mortars,  and  for  many  other  useful  purposes,  is  well  known.  The  salts  of  lime 
arc  far  too  numerous  to  be  considered  here.  The  most  important  are  calcic 
carbonate  (CaCO,),  calcic  sulphate  (CaSO,),  calcic  phosphate  (Ca,2PO,),  and 
calcic  fluoride  (CaFli). 


STRONTIUM. 

Symbol,  Sr.    Atomic  weight,  87*5. 

Another  of  the  metals  discovered  by  Davy  in  1808,  and  so  called  because 
obtained  from  a  mineral  originally  noticed  by  Dr.  Hope,  and  called  stron- 
tianitc,  the  strontic  or  strontium  carbonate  (SrCOi). 

It  is  a  yellow  metal,  having  a  specific  gravity  of  2*54,  which  is  malleable, 
and  has  a  certain  amount  of  tenacity,  and  bums,  when  heated  in  the  air,  with 
a  crimson  flame  emitting  sparks.  It  decomposes  water.  The  only  oxide  is 
strontia  (SrO).    The  most  important  salt  is  strontic  nitrate  (SriNO,),  now 
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CLASS     IV. 

MAGNESIUM,   ZINC,   CADMIUM. 

The  Zinc  Class. 

MAGNESIUM. 
Symbol,  Mg.    Atomic  weight,  243. 

Sea-water,  many  springs,  but  especially  the  mountain  limestone  or  dolomite 
is  to  be  regarded  as  the  chief  source  of  magnesium,  so  called  because  it  was 
originally  brought  from  Magnesia  in  Asia  Minor.  Magnesium  has  assumed  an 
important  position  amongst  the  metals  on  account  of  its  useful  employment 
as  a  means  of  producing  a  brilliant  artificial  light  The  manufacture  and  the 
uses  of  the  metal  have  been  so  lately  described  in  the  "  Mechanic's  Magazine,1* 
that  extracts  from  this  thoroughly  practical  thesis  will  be  given  here. 

"Magnesium  was  one  of  Sir  Humphrey  Davy's  many  discoveries.  He 
proved,  in  1808,  with  the  galvanic  battery  of  the  Royal  Society,  that  magnesia 
was  a  compound  of  a  metal  with  oxygen, — in  a  word,  was  the  ash  of  a  burnt 
metal.  Tine  fact  lay  dormant  for  many  years :  a  new  entry  was  simply  made 
in  the  catalogue  of  elements.  Bussy,  the  Paris  chemist,  exhibited,  about  1850. 
the  metal  in  larger  quantities  than  had  yet  been  obtained:  he  treated  mag- 
nesium chloride  with  potassium,  when  the  potassium,  combining  with  the 
chlorine,  left  the  magnesium  in  the  metallic  state  There  discover)*  again 
rested  until  about  ,1856,  when  Deville  and  Caron  taught  chemists  how  to  pro- 
cure the  metal  with  greater  case  by  substituting  sodium  for  potassium.  Bun- 
sen,  of  Heidelberg,  and  Roscoe,  of  Manchester,  shortly  after  proclaimed  its 
value  as  a  source  of  light  Thus  science  did  her  work :  it  remained  for  prac- 
tical skill  to  coin  her  hints  into  current  commercial  service.  The  matter  was 
taken  up  at  this  point  by  Mr.  Edward  Sonstadt,  a  young  Englishman  with  a 
name  derived  from  Swedish  ancestry.  Why,  he  asked,  should  not  the  labo- 
ratory process  of  Deville  and  Caron  be  so  far  improved  as  to  be  capable  of 
being  worked  on  a  large  manufacturing  scale?  and  resolved  to  devote  his 
energies  to  the  solution  of  the  question.  Happily,  he  succeeded.  After  up- 
wards of  a  year's  experimenting,  he  pursuaded  some  gentlemen  to  join  him; 
a  Company  for  the  production  of  magnesium  was  formed,  and  business  com- 
menced in  Manchester.  The  metallurgical  process  conducted  on  the  Com- 
pany's premises  in  Springfield  Lane,  Salford,  is  as  follows: 

"Lumps  of  rock  magnesia  (carbonate  of  magnesia)  arc  placed  in  large  jars, 
into  which  hydrochloric  acid  in  aqueous  solution  is  poured.  Chemical  action 
at  once  ensues :  the  chlorine  and  the  magnesium  embrace,  and  the  oxygen 
and  carbon  pass  off  in  the  form  of  carbonic  acid.  The  result  is  magnesium 
in  combination  with  chlorine  instead  of  with  oxygen.  The  problem  now  is  to 
dissolve  this  new  alliance, — to  get  rid  of  the  chlorine,  and  so  obtain  the  mag- 
nesium. First  the  water  must  be  evaporated,  which  would  be  easy  enough  if 
not  attended  with  a  peculiar  danger.  To  get  the  magnesium  chloride  perfectly 
dry,  it  is  necessary  to  bring  it  to  a  red  heat ;  but  this  would  result  in  the  metal 
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Ihit  racul.  it  15  stated  by  Griffiths,  **  was  first  thus  c  llicd  m  the  writlnp  of 
Paracelsus,  about  the  year  [54a     I'l.-  lord    >  pt  »b  d)      Srivi 

..in  waul  zii/k.-'i.  *if  'I  applied  1  ■'  ■ X 

■■;  frequently  forming  pointed  particles  somewhat  resembling  noD       1 
lied  jik!  suddenly  pom 


FlO  J ;  1     /•"   ( rr/tfi£>,  rvwtft  ExtiHtfar,  1S67. 

SCATXCU  MU8CI  DERIVED. 

obtained  from  the  mines  or  CorewttI,  w  .1   ..  (  imbcrLui 
Ian,  in  U)  phlde    Blende  01  Bl 

or  calamine;  ;  •  ■■  ryabunilJin    n  England,  and  1   found  p 
the -V      1,11   :  oui  pans  of  Somersetshire  At  Holywell,  Hint 

Dei      1   re,  and  in  Cumberland. 
■  ■nler  to  reduce  sulphide  or carbonai 

powdered  ore  is  roasted  or  (  ik  Ined,  by  winch  it  loses  about  30  per  cent.,  and 
d  into  .in  oxide,     li  \i  then  ground  m  .»  null,  tad  mixed  mill  pow- 
dered cmd,  and  sunnily  lu%\trd  in  I;  crm  ibl'  *.  W  Ibal,  .1*  1 1 1  *  -  vapour 

•    ■'! I,  it  is  Ui  'I  /■  '■'•■■  .,,,1,,,,       ;.xfily  in 

powder  and  parti)  in  irn  Kular-fthaprd  lumps,  which  !•*!!  into  imn  baaina  placed 
p  ....  [j   tiv   qoIq  .1  to,     tprcvei 

u  over  eiogjing  U  up.    The  crude  metal  is  again  melted  and  cam. 

rcjot*  or  Nii- 
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Physical  Properties. 

Zinc  presents  a  beautiful  crystalline  structure  if  a  thick  bar  or  slab  is  broken 
with  a  sledge-hammer;  its  colour  is  a  bluish-white.  In  bending  zinc  for 
battery  purposes,  it  is  soon  found  that  if  the  metal  is  heated  to  about  300'  F., 
it  is  much  more  manageable  and  does  not  break,  and  thus  in  rolling  the  zinc 
the  slabs  arc  always  previously  heated  to  21 2°  or  3000;  at  a  higher  tempera- 
ture it  again  becomes  brittle,  and  melts  at  7730  F. 

The  specific  gravity  of  zinc  is  68  to  7%  The  "  Building  News,"  speaking 
with  authority  on  the  application  of  this  metal  to  building  and  other  purposes, 
says: 

"  This  metal  has  been  largely  employed  for  pipes,  for  galvanic  batteries  used 
in  working  the  electric  telegraph,  as  a  substitute  for  white  lead,  and  as  a  con- 
stituent of  brass  and  German  silver. 

"  Zinc  is,  as  is  well  known,  largely  obtained  from  Prussia ;  and  we  find  that 
nearly  4,500,000  cwt.  of  zinc  were  obtained  in  1857.  In  the  seven  large  smelt- 
ing establishments  in  Belgium  and  Prussia,  belonging  to  the  Vieille  Montagne 
Company,  there  are  230  furnaces.  Fifteen  years  ago  the  quantity  of  zinc  used 
for  roofing  was  not  more  than  5,000  tons ;  now,  it  appears,  23,000  tons  of  sheet 
zinc  are  annually  made  by  this  Company.  For  ship  sheathing  3,500  tons  are 
produced,  although  fifteen  years  ago  zinc  was  not  rnnpIoyecT  at  all  for  this 
purpose.  Stamped  ornaments  in  zinc  date  only  from  1852;  now  there  are 
1,500  tons  produced  for  this  object.  For  ships'  sheathing  zinc  must  neces- 
sarily be  altogether  free  from  impurity,  or  it  will  soon  decay.  But  there  can 
be  no  question  about  the  usefulness  of  this  metal  for  building  purposes ;  and 
the  fact  that  it  is  coming  into  still  greater  use  and  is  becoming  better  known 
and  appreciated  is  evidence  that  its  reputation  is  increasing.  With  care  in 
purchasing  and  laying  there  is  but  little  doubt  that  it  will  turn  out  welL  In 
Paris  it  has  been  used  for  nearly  every  roof  formed  for  some  years.  The  new 
markets,  constructed  of  iron  in  1 856,  have  been  covered  with  zinc,  and,  except- 
ing in  one  place  where  the  workmen  were  careless,  the  whole  of  the  zinc  is  in 
capital  condition.  In  (iermany  zinc  for  roofing  is  largely  used,  and  the  work 
is  generally  remarkable  for  solidity  and  closeness." 

Chemical  Properties. 

At  a  bright  red  heat  and  when  exposed  to  the  air  zinc  is  rapidly  oxidized,, 
and  then  takes  fire,  burning  with  a  bright  greenish  flame,  and  forming  the  only 
oxide  of  this  metal,  viz.,  the  zincic  oxide  (ZnO),  or  what  was  formerly  called 
the  "  flos  philosophorum  "  or  philosopher's  wool,  and  now  termed  zinc  white. 

The  chief  salts  of  zinc  are  zincic  sulphate  (ZnSO„  7H|0),  also  zincic  chlor- 
ide (ZnCla),  used  as  a  disinfectant  under  the  name  of  "  Burnett's  Disinfecting 
Fluid."  Zincic  sulphide  or  blende  (ZnS)  and  zincic  carbonate  or  calamine 
(ZnCOj)  have  already  been  spoken  of  as  the  natural  compounds  from.which 
zinc  is  obtained. 

• 

CADMIUM. 
Symbol,  Cd.    Atomic  weight,  112. 

This  metal  was  discovered  in  the  ore  of  zinc  by  Stromcyer  in  1817.  It  ha* 
a  specific  gravity  of  8*6,  is  a  white  metal  which  fuses  at  4420,  and  crystallizes 
in  octohedraX  crystals. 
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Cupola.  Crudk.  StutvIiom- 

Pig  (4).  Itecl  (t).            («). 

Carbon a^Zy>  i*8oo        0*993 

Silicon,  with  a  little  titanium           2*950  0*266        0*149 

Sulphur       .        .        .        .        .0*113  0*018        traces 

Phosphorus         ....     1*455  0*298        0*292 

Arsenic 0*041  0*039        0*024 

Manganese          ....    0*318  0*090        0*088 

Calcium      ...        .        .        .        —  0*319        0*310 

Sodium —  o'i44        traces 

Iron  (by  difference)     .        .        .92*293  97*026  98*144 


100*000     100*000      100*000 

"  *  It  will  be  obvious  from  a  comparison  of  these  results  that  the  reaction  with 
the  nitrate  of  soda  has  removed  a  large  proportion  of  the  carbon,  silicon,  and 
phosphorus,  as  well  as  most  of  the  sulphur.  The  quantity  of  phosphorus  (0*298 
per  cent.)  retained  by  the  sample  of  crude  steel  from  the  converter  which  1 
analysed,  is  obviously  not  such  as  to  injure  the  quality.* 

"  *  The  bar-iron  was  in  our  presence  subjected  to  many  severe  tests.  It  was 
bent  and  hammered  sharply  round  without  cracking.  It  was  forged  and 
subjected  to  a  similar  trial,  both  at  a  dull  red  and  a  cherry  red  heat,  without 
cracking;  it  also  welded  satisfactorily. 

"'The  removal  of  the  silicon  is  also  a  marked  result  of  the  action  0!  the 
nitrate. 

'* '  It  is  obvious  that  the  practical  point  to  be  attended  to  is  to  procure  results 
which  shall  be  uniform,  so  as  to  give  steel  of  uniform  quality  when  pig  of 
similar  composition  is  subjected  to  the  process.  The  experiments  of  Mr. 
Kirkaldy  on  the  tensile  strength  of  various  specimens  afford  strong  evidence 
that  such  uniformity  is  attainable. 

ut  I  have  not  thought  it  necessary  to  make  a  complete  analysis  of  the  slag, 
but  have  determined  the  quantity  of  sand,  silica,  phosphoric  and  sulphuric 
acid,  as  well  as  the  amount  of  iron,  which  it  contains.  It  was  less  soluble  in 
water  than  I  had  been  led  to  expect,  and  it  has  not  deliquesced  though  left 
in  a  paper  parcel. 

"'  1  found  that  of  100  parts  of  the  finely- powdered  slag,  1 1*9  were  soluble  in 
water.     The  following  was  the  result  of  my  analysis: 

Sand 47*3 

Silica,  in  combination      .         .         .        .        .  6*1 

Phosphoric  acid 6"8 

Sulphuric  acid fi 

Iron  (a  good  deal  of  it  as  metal)      .        .        .  12*6 

Soda  and  lime  t       .....        ,  26*1 


100*0 

"  *  This  result  shows  that  a  large  proportion  of  phosphorus  is  extracted  by 


*  II  Is  important  !o  point  out  that  at  no  analysis  of  the  finished  steel  tested  by  Mr.  KLrkildy  it  give*. 
it  is  not  improbable  that  this  small  per  ceolagc  of  phosphorus  might  have  been  atiU  further  reduce*' 
before  if  arrived  at  ita  final  state  of  manufacture, 
f  The  use  of  lime  was  exceptional.  \Uosc  t%«tra^\Kot\tin<icd{  but  its  use  on  that  ocoaloa  no  doui* 
accounted  for  the  sUg  being  !*■  deYio,u«*CMi*.  ib4  »\vto\*  «ua  \\  a  w\Vi  w«a  v,  *n*. 
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MANGANESE. 
Symbol,  Mn.     Atomic  weight,  55- 

A  metal  discovered  by  Gahn  in  1775  in  an  ore  examined  by  Scheele,  and 
called  by  the  latter  manganese ;  but  why  he  gave  it  that  name  is  known  only 

Swedish  etymology. 

The  most  important  source  of  this  metal  is  the  natural  mineral  called  the 
61ack  oxide  of  manganese  ( MnO,) ,  used  so  largely  for  making  oxygen  gas  and 
chlorine,  and  likewise  employed  to  impart  a  purple  colour  to  glass. 

Manganese  is  a  greyish-white  metal,  having  a  specific  gravity  of  8*013,  and, 
although  brittle,  is  hard  enough  to  scratch  steel.  It  decomposes  water  slowly, 
and  can  only  be  preserved  in  the  metallic  state  (like  potassium)  by  imraersinf 
it  in  Persian  naphtha.  It  is  feebly  magnetic,  and  is  said  to  exhale  a  peculiar 
odour  when  handled.    There  are  various  oxides  of  this  metal : 

Manganous  oxide  or  protoxide MnO 

Manganic  oxide  or  scsquioxide Mn.0, 

Mangano-manganic  oxide  or  red  oxide        .        .        .  Mn.O, 

Manganese  dioxide  or  black  oxide       .        .        .         .  MnO, 

Also  two  other  compounds  of  oxygen  and  manganese,  known  only  in  com- 
bination as  salts,  viz. — 

Potassic  manganate K.MnO, 

Potassic  permanganate KMnO, 

The  latter  salts  are  now  largely  employed  as  disinfectants,  because  they  have 
the  power  of  oxidizing  organic  matter,  and  for  that  reason  are  used  in  certain 
processes  as  bleaching  agents.  The  salts  of  manganese  are  too  numerous  to 
discuss  here. 

% 

COBALT. 

Symbol,  Co.    Atomic  weight,  587. 

This  metal  was  discovered  by  Brandt  in  1733,  and  was  so  named  altera 
sprite  or  spirit  that  greatly  troubled  the  miners  in  the  German  mines,  and 
called  by  them  kobold.  It  is  a  rare  metal,  reddish-white,  and  having  a  specific 
gravity  of  8*5.  Cobalt  is  extremely  infusible,  and,  like  iron  in  many  respects, 
is  also  very  tenacious  and  magnetic. 

There  are  two  oxides  of  cobalt: 

Cobaltous  oxide  or  protoxide       .        .        .     CoO 
Cobaltic  oxide  or  sesquioxidc      .        .         .     Co»0, 

The  protoxide  is  a  valuable  article  in  commerce,  because  it  is  used  to  im- 
part the  blue  colour  to  porcelain  and  pottery,  and  when  combined  with  glass 
is  called  smalt,  a  lovely  blue  used  largely  by  paper-stainers.  Cobalt  is  easily 
recognized  by  the  blue  colour  it  imparts  to  borax  in  the  oxidating  flame  of  the 
blowpipe. 

The  important  salts  are  the  sulphide,  chloride,  sulphate,  nitrate,  and  car- 
bonate of  cobalt. 
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1  at  ions  to  iron  and  manganese.  There  are  two  well-marked  oxidt 
oxide  or  protoxide  (UO),  and  uranic  oxide  or  scsquioxide  (U,0|). 
The  salts  of  uranium  are  green,  such  as  the  chlorides  I- ,Clj  and 
The  chief  use  of  this  metal  is  in  glass  staining,  the  uranous  oxide 
a  perfect  black,  and  the  uranic  oxide  a  yellow,  which  shines  most  c 
light  containing  Stokes's  rays,  or  in  those  that  exist  beyond  the  exti 


INDIUM. 
Symbol,  In.    Atomic  weight,  74. 

Discovered  by  Reich  and  Richter  in  zinc  blende,  from  the  pe< 
obtained  by  heating  this  substance  in  the  Bunscn  flame,  and  then 
with  the  spectroscope.  Two  bright  lines  were  seen  in  the  blue  and  i 
of  the  spectrum,  not  coincident  with  any  other  known  element  1 
to  be  a  white  malleable  metal,  having  a  specific  gravity  of  about  7 
easily  fusible. 

Indie  oxide  is  white.  A  yellow  sulphide  and  a  white  chloride  01 
indium  have  already  been  obtained  and  experimented  with. 


CLASS    VI. 

TIN,  TITANIUM,  NIOBIUM,  TANTALUM. 
The  Tin  Class. 


TIN. 

Symbol,  Sn  (Stannum).     Atomic  weight,  118. 

This  metal  appears  to  have  been  known  from  the  earliest  pcru 
even  mentioned  in  the  books  of  Moses.  Fig.  516  will  remind  the  1 
it  is  chiefly  obtained  from  Cornwall  and  Devonshire,  from  the  ore 
stone,  stannic  oxide  or  binoxidc  of  tin  (SnO,).  Tin  is  a  ycllowish-w 
having  a  specific  gravity  of  7*292 :  it  is  malleable,  and  is  sold  in  sh 
"tin  foil,"  used  largely  with  mercury  in  the  silvering  of  looking-gla 

The  alloys  of  tin  are  very  important.  Tinned  iron  or  tin  plate, 
metal,  solder,  speculum,  bell  and  gun  metal,  and  bronze  are  all  ilh 
its  importance  in  the  metallurgical  arts. 

There  are  two  principal  oxides  of  tin,  viz.,  stannous  oxide  or  p 
tin  (SnO),  stannic  oxide  or  binoxidc  of  tin  (SnO,).  Stannic  sulphid< 
gold,  and  the  chlorides  of  tin  are  valuable  compounds  used  in  deco: 
as  a  mordant  by  the  dyer  and  calico  printer. 


TITANIUM  (symbol,  Ti,  atomic  weight,  50), 
NIOBIUM,  and 
TANTALUM 
are  very  rare  metals,  vAnch  necA  •oov.\>tt  taacrta&Viftxt. 
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CLASS    X. 

COPPER,    MERCURY,  AND   SILVER. 
The  Silver  Class. 


SILVER. 

Symbol,  Ag  (Argcntum).    Atomic  weight,  108. 

Silver  is  another  of  the  metals  well  known  and  appreciated  by  the  ancients. 
It  is  sometimes  met  with  in  the  native  state,  but  is  more  generally  associated 
with  lead  as  argentic  sulphide.  By  Pattinson's  admirable  process  the  pure  lead 
is  crystallized  out  of  the  alloy  of  lead  and  silver  obtained  by  smelting  lead 
ores  containing  a  certain  quantity  of  silver,  and  then,  by  "  cupellation,"  the 
silver  is  obtained  pure. 

Any  specimen  of  lead  or  galena  supposed  to  contain  silver  is  first  pow- 
dered, weighed,  and  then  well  mixed  with  twice  its  weight  of  sodic  carbonate, 


Fig.  5x9.— Agate  Pestle 
and  Mortar. 


Fig.  520. 


Fig.  521.— Muffles. 


and  8  per  cent,  of  powdered  charcoal.  This  mixture  is  placed  into  a  crucible 
sufficiently  large,  and  gradually  heated  till  the  boiling  up  of  the  materials 
ceases,  when  the  heat  is  urged  quickly  to  a  bright  redness,  and  the  crucible  is 
then  removed  and  allowed  to  cool.  The  button  pi  lead  is  now  placed  00  a 
"  cupel,"  made  with  damp  bone-ash  compressed  into  a  proper  mould  (Fig.  520). 
When  the  cupel  is  made  it  is  easily  pushed  out  of  the  mould  and  dried-  The 
cupel  is  now  placed  in  a  muffle  (Fig.  52|)»  which  is  made  of  the  same  ma- 
terial as  the  best  crucibles.  The  muffle  is,  of  course,  previously  heated  in* 
proper  furnace,  of  which  most  useful  examples  are  given  in  the  cut  Fig  522. 

Uy  the  proper  management  of  the  heat,  the  lead  is  oxidized,  and  sinks  into 
the  pores  of  the  cupel,  and  at  last  a  tiny  bead  of  silver  is  apparent,  which  is 
taken  out  of  the  cupel  when  cold,  and  weighed. 

Silver  is  a  reddish-white  metal,  and  possesses  all  the  best  physical  properties 
of  a  metal,  viz.,  malleability,  ductility,  and  tenacity.  It  has  a  specinc  gravity 
of  10-53,  and  melts  at  1,873°  F.  When  heated  in  a  small  cup  or  crucible  of 
charcoal  in  the  voltaic  arc,  it  volatilizes,  and  the  hot  vapour  emits  a  light, 
which,  passed  through  prisms,  affords  two  bright  green  lines  (see  frontispiece), 
very  characteristic  of  the  presence  of  this  metal. 

Pure  silver,  instead  of  having,  like  palladium,  potassium,  and  mercury,  the 
property  of  absorbing  hydrogen,  prefers  its  usual  companion,  oxygen,  and  & 
said  to  take  up,  whilst  in  the  liquid  state,  twenty-two  times  its  bulk  of  this 
element    The  metal  gives  out  l&t  ttcgfiGCcvfaBbv  assumes  the  solid  state. 


SILVER, 
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Fig.  522. — Furnaces,  for  assaying  Silver  ana'  Gold. 

ce  imaged  with  muffles,  sand  bath  above,  and  retort;  b,  furnace,  with  earthen  retort,  and 
or  other  experiment*.  The»c  furnace*  are  made  of  »Qeei  iron,  lined  with  file- clay,  and  are  told 
w.  Potter  Lane,  City. 

Te  are  three  oxides  of  silver: 

Argentous  oxide  or  suboxide  of  silver 

Argentic  oxide  or  protoxide  of  silver 

Argentic  peroxide  , 

;  argentic  sulphide  (Ag,S)  is  the  mineral  which 

the  largest  proportion  of  silver.  The  chloride 
er  is  an  important  body ;  there  is  a  sub-chloride 
1),  but  the  symbol  of  the  former,  called  argentic 
de,  is  AgCl. 

the  assay  of  silver  by  the  wet  process,  the  de- 
lation of  the  real  quantity  of  the  metal  in  any 

specimen  is  brougnt  within  an  error  of  "5  in 

whilst  cupellation  may  vary,  even  in  the  most 
enced  hands,  as  much  as  2  in  1,000.  The  solu- 
f  the  alloy  is  tested  by  a  measured  quantity  of  a 
ird  solution  of  sodic  chloride  (common  salt) ; 
lis  test,  or  that  of  hydrochloric  acid,  is  so  delicate 
:  will  detect  one  part  of  silver  in  200,000  parts 
;er.   The  chloride  of  silver  settles  to  the  bottom 

vessel  in  which  it  is  precipitated, and  it  maybe 


Fig.  523.— Precipitat- 
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and  Beaker  Glass  for 

filtering* 
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MERCURY. 
Symbol,  Hg  (Hydrargyrum).    Atomic  weight,  200. 

The  title  hydrargyrum  conferred  on  mercury,  is  derived  from  the  Greek 
v8vp  (liquid),  and  apyvpov  (silver)  or  quicksilver.  It  is  sometimes  found 
native,  but  is  usually  prepared  from  cinnabar,  a  mineral  sulphide  of  mercury. 

Mercury  is  a  very  brilliant  metal,  fluid  at  all  ordinary  temperatures,  and 
having  a  specific  gravity  of  13*56.  At  all  temperatures  above  410  F.  it  vola- 
tilizes slightly ;  hence  the  danger  to  workmen  using  this  metal  either  for  silver- 
ing looking-glasses,  or  thermometer  and  barometer  making. 

Mercury  freezes  at  —  37°9'  F.,  and  is  not  tarnished  by  exposure  to  damp  or 
dry  air  at  ordinary  temperatures. 

There  arc  two  principal  oxides,  mercurous  oxide  or  suboxide  of  mercury 
(HgjO),  and  mercuric  oxide  or  red  oxide  of  mercury  (HgO).  The  most 
valuable  salts  of  mercury  arc  the  native  sulphides,  the  chlorides  of  mercury, 
mercurous  chloride  or  calomel  (HgCl),  and  mercuric  chloride  or  corrosive 
sublimate  (HgCl,).  The  mercuric  iodide,  mercuric  sulphate,  and  mercuric 
nitrate  arc  some  of  a  long  list  of  mercurial  salts  presenting  many  interesting 
features. 


CLASS    XL 


GOLD,  PLATINUM,  PALLADIUM,  RHODIUM,  RUTHENIUM, 
IRIDIUM,  OSMIUM. 

The  Gold  Class, 


PLATINUM. 
Symbol,  Pt.    Atomic  weight,  197'L 

It  was  the  sagacity,  the  patience,  and  learning  of  the  late  Dr.  Wollaston 
that  overcame  all  the  difficulties  connected  with  the  manipulation  of  the  ore 
of  platinum,  and  not  only  demonstrated  how  that  metal  was  to  be  extracted 
from  the  mineral,  but  also  invented  a  method  by  which  the  metal,  originally  in 
the  form  of  powder,  was  gradually  brought  to  the  solid  state,  and  rendered 
both  malleable  and  ductile. 

The  name  of  the  metal  is  derived  (tompiatina  (little  silver),  and  it  was  first 
obtained  by  Wood  in  1741. 

Platinum  comes  chiefly  from  the  Ural  Mountains,  although  some  is  obtained 
in  Mexico  and  Brazil,  likewise  in  California  and  Australia.  It  is  tolerably  hard, 
and  has  a  specific  gravity  of  21 '5.  The  colour  of  this  metal  is  white,  and  when 
polished  it  exhibits  considerable  brilliancy.  The  ductility  and  tenacity  of 
platinum  have  been  compared  to  that  of  iron. 

It  is  quite  infusible  by  any  ordinary  furnace  heat,  but  melts  in  the  vohak 

arc  of  a  powerful  battery;  and  when  enclosed  in  a  hollow  made  in  a  lump  of 

pure  lime,  may  be  fused,  according  to  the  process  of  DcviUe  and  Dcbray,  by 

the  oxyhydrogen  blowpipe. 

Platinum  is  largely  used  for  cnicMes.Avfcrev,  *rraysr«OT^r'CT-Ki«ls;  required 


fer  i;  arm  foil  for  bittcncs  and  Analytical  experi- 

ments on  the  ad  platinum  wire,  or  uttb, 

■  'ration  of  oil  of  vitriol  r  tl 
In:  Mill  firvvi.ni>,  the  .i<:id  lindinp;  its  way  through  Ihc  pore-: 
two  oxides  of  platinum, 

.J  ...  (w  i  iu1phid<  ,  PlS  and  PtS» 
<*  of  the  chlorides  Is  the  pl.ii>  ride. 

rys  spoken  of  in  the  old  standard  (roarfc  la    !<-.  bui  now  called 

(He  >ridr  (Pt(\Y     Ii.  gently  heating  lhi»  -sal  dlic 
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lorn  to  be  procured  in  a  state  of  perfect  purity,  as  it  requires  a  long 
1  process  so  to  obtain  it,  which  adds  so  much  to  its  cost  that  it  is  too  ex- 
for  commercial  purposes.  That  which  is  called  24-carat  is  really  only 
,  which  is  quite  good  enough  for  all  practical  purposes.  This  being 
;d  by  the  manufacturing  jeweller,  is  alloyed  according  to  his  taste  or 
tee;  which  latter,  I  am  afraid,  is  not  always  of  the  most  sensitive 


SHOWING  THE   DIFFERENT  QUALITIES  OF  GOLD  MANUFACTURED  IN 
DIFFERENT  PARTS  OF  THE  WORLD. 
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Any 

quality  is 

allowed  to  be  imported  into  these  countries. 

kinds  of  gold  best  adapted  for  manufacturing  purposes  are  18  or  16- 
Trinkcts  made  of  these  Qualities  not  only  keep  their  shape  and  hard- 
d  allow  of  designs  of  delicate  and  intricate  workmanship,  but  are  of 
>ortionate  value  to  the  purchasers.  What  is  called  standard  or  guinea 
nadc  of  twenty-two  parts  pure  gold  and  two  of  alloy.  Of  this  quality 
ns  are  made. 
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"  The  relative  values  are  as  follows ; 


22-carat  gold  is  worth  3  17  10J  per  02. 


3 
16 

9 

11 


6* 
4} 
10 


"  Until  the  reign  of  George  the  Third  the  standard  of  gold  was  fixed  at 
22  carats,  that  is,  of  twenty-two  parts  of  the  pure  metal  and  two  of  alloy. 
This  was  the  quality  of  the  gold  coin.  At  that  time  also  goldsmiths  were 
bound  by  law  to  make  no  '  vessel  or  ware '  save  of  the  standard.  During  this 
reign,  however,  an  Act  of  Parliament  was  passed  permitting  a  lower  stan- 
dard, viz.,  18  carats  (or  eighteen  parts  pure  gold  and  six  alloy),  to  be  used  in 
the  manufacture  of  gold  ornaments  or  jewellery ;  and,  in  order  that  the  public 
might  be  protected  against  fraud,  the  Legislature  conferred  upon  the  Gold- 
smiths' Company  power  to  examine  the  quality  of  gold  in  course  of  manufac- 
ture found  in  the  different  workshops ;  to  break  up  all  that  was  of  an  inferior 
kind ;  and  to  punish  the  offenders  by  fines.  The  said  Company  was  also 
authorized  to  compel  manufacturers  to  bring  their  articles  to  the  Hall  to  be 
assayed  and  stamped  according  to  their  quality  or  value. 

"After  a  while,  however,  exceptions  to  this  rule  were  made,  and  a  compel* 
sory  mark  was  only  required  upon  the  following:  wedding-rings,  22-carat; 
mourning  rings,  18  or  22-carat;  watch-cases,  from  9  to  22-carat. 

"  Thus  it  soon  became  the  practice  to  manufacture  other  articles  in  gold  of 
a  most  inferior  quality,  so  that  at  present  it  is  impossible  without  the  guarantee 
of  a  respectable  jeweller  to  know  what  you  are  buying." 

Cold  does  not  tarnish  when  exposed  to  damp  or  dry  air:  the  dust  and  dirt 
which  collect  on  gilt  iron  railings  suggests  the  idea  that  the  gold  itself  is 
affected ;  but  this  is  not  the  case,  as  even  sulphur,  which  blackens  silver  so 
quickly  in  London  and  other  large  cities,  has  no  power  to  alter  the  surface  of 
gold. 

There  are  two  compounds  of  gold  and  oxygen :  the  aurous  oxide  or  sob- 
oxide  of  gold  (Au.O),  and  the  auric  oxide  or  peroxide  (Au,0»). 

The  salts  of  gold  worthy  of  note  are  the  sulphide  of  gold  (Au,S,);  the  two 
chlorides  of  gold,  the  protochloridc  (AuCl)  and  the  trichloride  (AuCU),  and 
the  hydrated  double  stannate  of  gold  and  tin,  or  "purple  ofCassius*  (SnAn, 
Sn,0„  4H1O),  used  to  impart  the  ruby  red  to  glass  and  the  rose  colour  to 
porcelain. 
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solution  dried,  one  or  two  irregularly  hexagonal  crystals  made  their  appear- 
ance. The  substance,  after  twenty-four  hours'  soaking,  was  partially  soluble 
in  strong  solution  of  ammonia, -very  slightly  in  distilled  water,  and  hardly  at 
all  in  dilute  hydrochloric  acid  and  in  met  hylic  alcohol ;  it  was  untouched  in 
ethylic  ether  and  in  chloroform.' 

"  Into  the  iron  box  or  flask  plaster  of  Paris  was  poured  in  the  fluid  stale,  and 
a  clot  of  fresh  blood  was  immersed  in  the  plaster.  The  lid  was  placed  on  the 
box,  and  when  the  plaster  had  set  firmly,  the  whole  was  placed  in  the  chamber 
with  6  oz.  of  water.  The  temperature  was  raised  to  340  ,  and  sustained  for  an 
hour  and  a  half.  On  breaking  up  the  plaster,  after  cooling,  the  blood  was  found 
in  the  same  state  as  that  namea  in  the  experiment  described  above. 

"ALBUMEN. 

"An  egg  was  placed  in  the  iron  flask  and  surrounded  with  plaster  of  Paris 
in  the  fluid  condition.  When  the  plaster  was  entirely  set,  the  flask  was  put 
into  the  chamber  with  6  oz.  of  water,  the  temperature  was  raised  to  340s,  and 
was  sustained  for  an  hour  and  a  half.  After  cooling,  which  was  very  rapidly 
effected  by  immersing  the  flask  in  cold  water,  1  found,  on  removing  the  egg, 
that  the  shell  was  nearly  full  of  a  beautiful  transparent  golden  or  amber- 
coloured  fluid,  very  thin,  and  running  like  dissolved  gelatine.  In  the  course 
of  a  few  hours  this  fluid  was  slightly  gelatinized.  The  membrane  lining  the 
shell  was  detached,  but  not  destroyed;  the  shell  was  dry,  brittle,  and  firmly 
attached  to  the  surrounding  plaster.  The  experiment  was  repeated  with 
another  egg,  but  was  modified  by  allowing  the  apparatus  to  cool  very  slowly 
in  the  air  at  6o°.  On  breaking  the  plaster,  and  cutting  through  the  egg,  no 
fluid  was  found,  but  in  the  centre  a  soft  yellow  substance  (probably  the  yolk), 
about  the  size  of  a  hazel  nut,  and  slightly  glistening  on  the  surface.  On  gently 
drying  this  substance,  it  became  firm,  retaining  its  colour,  and  looking  like 
amber,  but  not  so  hard. 

"THE  BODY  OF  A  TOAD  IN  CARBON. 

"The  iron  flask  was  partly  filled  with  fluid  plaster  of  Paris.  On  this  layer 
a  bed  of  vegetable  carbon,  in  fine  powder,  was  laid,  and  the  body  of  a  toad 
recently  dead  was  buried  in  it.  The  carbon  mound  was  next  enclosed  in 
plaster ;  the  flask  was  closed,  and  half  an  hour  later  it  was  placed  in  the  iron 
chamber  with  10  oz.  of  water.  The  temperature  was  first  raised  to  3500  F.( 
but  was  brought  down  to  3400,  and  was  retained  at  this  degree  for  an  hour 
and  forty  minutes.  The  gas  was  then  turned  off,  and  the  apparatus  was  allowed 
to  cool  slowly.  On  opening  the  flask,  the  body  of  the  animal  was  found  to  be 
altogether  destroyed,  and  so  mixed  with  the  carbon  that  no  part  of  it  could 
be  defined. 

"THE  BODY  OF  A  FROG  IN   SAND. 

"  The  body  of  a  frog  recently  dead  was  buried  within  the  iron  flask,  in  moist 
fine  sand  compressed  with  moderate  firmness.  The  flask  was  then  put  into 
the  iron  chamber,  with  6  oz.  of  water,  and  the  temperature  was  raised  to  340' 
F.,  and  sustained  for  an  hour  and  a  half.  The  flaslc  was  opened  twelve  hours 
afterwards,  and  the  results  of  the  experiment  were  found  to  be  nearly  the 
same  as  when  carbon  was  employed.  The  animal  was  destroyed,  and  no  dis- 
tinct organ  or  structure  cou\d  be  d&uv^i&tad. 
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Flame  in  centre  of  a  circle  throwing  out  rays 
in  every  direction,  14 

Fluid  friction,  5 

Fluorescence,  93 

Franklin,  Dr.,  a,  16 

Frauenhofer,  91,  93,  ito 

Fresnel's  arrangement  to  show  the  interfer- 
ence of  the  wave*  of  light,  109 


Ganot's  "  Physics,"  49 

Gassiot,  95,  96 

"Ghost  illusions,  description  and  explana- 
tion, 33 — 31 

Glass,  apparatus  for  compressing,  iao 

Glass  specula.  45.  46 

Glass,  unannealed,  iao 

Gmclin,  10 

Goddard's  apparatus  and  experiments  on  the 
polarization  of  light,  114,  115, 116,  117, 118, 
119 

Graham,  5 

Greek  fire,  13 

Hall,  104 

Halley,  109 

Heat  a  source  of  light,  10,  13 

Heavy  spar.  8 

Heliosiat,  the,  87,  109 

Hcrschcl  -  Browning  direct-vision  spectre- 
scope,  the,  94 

Hcrschel's  direct-vision  prism,  90      * 

Her*chcl,  Sir  John,  47,  91,  94 

Herschcl's  table  of  the  colours  of  thin  plates 
of  air,  111 

Highley's  dissolving  view  apparatus,  61,  6a. 

63 
Hook,  i,  106 
Huggins,  93,  100,  101 
Huygens,  1,  112 


Iceland  spar,  a  rhomb  of,  showing  the  double 

refraction  of  light,  113 
Illusory  effecis  produced  by  the  reflection  of 

light  from  the  surface  of  glass,  33 — 31,  39, 

4° 
Images  formed  by  silvered  mirrors,  37—31 
Incandescence,  10 
Incident  rays  of  tight,  n,  49 
Indices  of  refraction,  table  of  the,  5a 
Inductorium,  Apps's,  10,  ti 
Instrument   used  by  Newton  to  obtain  the 
wings  of  colour  from  thin  plates  of  air,  106 
Intensity  of  waves  doubled  oy  superposition 

and  coincidence  of  two  equal  systems,  108 
Interference  of  light,  106 — tit 


Japanese  magic  mirror,  the,  35,  36,  37,  38,  39 
Ki/etdoscope,  the,  3t,  33,  33,  34,  35 
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Key's,  Rev.  Cooper,  process  for  ngurutg  I 

cula,  43 
Kircher.  58 

Kirchoft,  93,  97,  too,  tot 
Knight,  the,  watching  his  armour,  33, 14, 

36737 


La  boite  magique.  39,  40 
Lenses,  achromatic,  86 

■  Dolland's  and  Blair's,  104, 105 

— —   Forms  of — spherical,  piano-conn 
plano-concave,  meniscus  concaro-coivi 

'_it,  1—8 
Light  and  colour,  86—93 
Light  reflected  from  transparent  substances. 
Light  the  frequent  attendant  of  electrical  pi 

nomena,  10 
Luminous  bodies,  10, 13,  14 


Light 


Magic  lantern,  the,  58,  59,  60 

Malus,  113 

Margraf.  process  of.  8 

Materiality  of  light,  a 

Maxwell,  5 

Mechanical  force  a  source  of  light,  is,  13 

Melville,  Thomas,  9) 

Microscope,  the,  simple  and  compound,  55. 

Micro- spectroscope,  Sorby  and   Bromioi 

yS-99 
Miller,  Professor,  93,  101 
Mitchell,  a 

Model  of  fixed  waves  of  light,  107,  10I 
Modem  Delphic  Oracle,  the,  39,  30 
Modifications  light  may  undergo,  so 
Monochromatic  lamp  and  light,  93,  94 
Moser,  91 
M  uschenbrock,  67 


Newton,  1,  3,  86,  89,  104,  106,  107, 109. 

iao,  131 
Nicol'l  prum,  105,  118,  119 
Nostrodamus  and  Mane  de  Medkis,  39, 


Oersted,  10 

Opacity,  13 

Opalescence,  13 

Optical  instruments  whose  properties  dej. 

on  refraction,  ss;— 63 
Ordinary  rays  of  light,  in,  n» 
Oxy-hydrogen  kaleidoscope,  the,  33,  34, 
Oxy -hydrogen  polariscope,  the.  117. 118, 


Parallel  ray*  of  light,  at,  53,  53,  $4 

Parallel  rays  falling  on  a  concave  mirror. 
Parallel  rays  reflected  from  a  convex  mil 
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Paris.  Dr..  w 

fenuslence  of  vision,  71— $6 

Phantoscopc,  the,  13 

Phenakistiscope,  the,  73,  74 
Phosphorc  genie  rays,  91 
Phosphorescence,  8.  9,  10,  91 

Phosphorescence  of  bodies,  5,  9,  10,  13,  91 

Phosphorescent  tubes,  9 

Phosphori,  8,  9 

Phosp horoscope,  the,  91 

Photodromc.  the.  84.  8s 
Photography,  91 

Photometers,  14,  15,  16,  17,  18,  19 

Plateau,  74,  8s 

Polariscope,  the  oxy-hydrogen,  117,  118,  119, 
iao 

Polarity,  113 

Polarization  by  reflection  and  simple  refrac- 
tion, 114,  115,  tt6 

PoHrizalion  by  the  tourmaline,  116,  117 

Polarization  of  light,  m— las 

Polarized  light,  15 — so,  in— 11a 

Porta,  Baptists,  57 

Prinsep*.  James,  37 

Prism,  the;  Brewster's  instructions,  51,  53 

Propagation  of  light,  1,  5,  8,  49,  113 

"Proteus,"  37,  a8,  39 


Rays  of  light,  ao,  31 

Real  existence  of  ether,  3 

Recom position  of  light,  88 

Redi,  irancisco,  66,  67 

Reflected  rays  of  'ight,  30 

Reflection  of  light.  1,  13.  30,  31—48 

Reflection  of  light  from  transparent  sub- 
stances, 33 

Reflection  of  parallel  or  equi-distanl  rays,  si 

Refracted  rays  of  light,  20,  49 

Refraction,  a  demonstration  of  the  property 
*>f.  49, 

Refraction  of  light,  1,  ao,  49—63 

Refraction  of  light  through  plane  glass,  53 

Refraction  of  parallel  rays  by  concave  cur- 
faces,  54 

Refraction  of  parallel  rays  by  convex  surfaces. 

Refractive  power,  50 

Ritchie's  photometer,  15 

Ritter.  91 

Robertson,  E.  J.,  39 

Robertson's  apparatus  for  "ghost,"  31 


Roget.pr.j76,  77 

Rose,  Mr.  Thomas,  7 

Rose  s  photodrome,  84,  83 

Rosses,  Lord,  machine  for  figuring  specula, 

47.48 
Rotation  in  vacuo,  3,  3,  4,  j 


Sekr.ite  slides,  119 

Shadow  Blondin,  the,  a.  13,  14 

Silvered  chain  and  electric  fight,  7 

Silvered  cord  vibrating,  7 

Silvered  glass  reflecting  telescopes,  41—48 


L  I  Or  H  T—iontixned. 

Simms's  spectrum  apparatus,  93 

Solar  spectrum,  to  obtain  the  ;  apparatus  for 
reflecting  the  seven  colours;  Brewster's 
theory  and  experiments,  87,  88,  89,  90 

Solar  spectrum,  dark  or  fixed  lines  in  the; 
Fraucnhofcr's  seven  lines,  93,101 

Sources  of  light,  5,  8 — 14 

Spectacles,  66,  67,  68 

Spectroscope,  the,  33,  94,  -,-■>,  96,  10a 

Spectrum,  physical  properties  of  the,  91  _ 

Spectrum  to  obtain  the  bright  lines  given 
by  any  substance,  95 

Specula,  figuring  and  mounting;  the  alt-azi- 
muth stand,  43,  43,  44 

Specula,  to  silver  glass ;  to  prepare,  clean, 
immerse,  and  separate  the  speculum  from 
the  block,  45,  46 

Specula,  on  working  glass,  46,  47,  48 

Spherical  aberration,  103,  104 

Spina,  Alexander  de,  66,  67 

Star  spectroscope,  the,  10a 

Stereoscope,  the,  68,  69,  70,  71 

Stewart,  Balfour,  3 

Stokes  Professor,  93,  93,  97 

Strontian  phosphorus,  8 


Table  of  the  indices  of  refraction,  53 

Tail,  Professor  P.  G.,  a 

Talbot,  Mr,  Fox,  94 

Telescope,  the  compound,  56 

Telescopes,  wlvercd  glass  reflecting,  41—46 

Test  candles  used  in  photometry,  15,  16,  17 

Thallium,  too 

Thaumatropc,  the,  74 

Thermo-elecinc  pile,  the,  3,  4 

Thompson's  reflecting  galvanometer  needle,  3 

ThoniDury,  3 

Tobin,  Thomas.  37,  38,  39,  30 

Tourmaline,  the,  116,  117,  118,  119,  iai 

Transparency,  13 

Transversal  vibrations  of  light,  113,  133 

Tyndall,  6,  91 


Unannealed  glass,  iao 

Undulatory  theory,  3,  6,  8,  9,  107,  in,  in, 

116 
Uniaxial  crystals,  i3t 


Vacuum,  1,  2,  5, 

Vision,  persistence  of:  example  of  the  zigzag 
path  of  lightning:  the  spectre  wafer;  ex- 
periments with  the  cog-wheel  apparatus, 
71—85 

Vulcaniied  tube  thrown  into  protuberance,  6 


Waves  neutralized  by  the  superposition  and 

interference  of  two  equal  systems,  108 
Wheatstone's  reflecting  stereoscope, 68  ,6"%. T» 
Wheatstone,  Six  Cbuwt,  **,  1  v  IV  ^V  via. 
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Diathermanous  or  diathermic  bodies,  aoo 
Differential  air  thermometer,  146, 147 
Distillation  of  water,  169 
Donny.  M.,  170 

Double-action  engine,  Watt'*,  1S6,  187 
Double-cylinder  engine,  19a 
Drebcl,  Cornelius,  146 
Dry  steam,  174 
Dulong,  165,  173 
Du  Trcmbfey,  193 
Dynamic  energy,  161,  163 
Dynamical  theory,  the,  124,  137, 148, 151, 161, 
163,  164,  177 


Ebullition,  160,  170 

Eccentric,  the,  186.  1B7 

Elliot's  models  of  the  locomotive  engine,  189 

Emission,  the  hypothesis  of,  124 

Energy,  151.  15a,  153,  161,  16a,  163,  167,  178 

Energy  of  the  sun,  124,  135 

Ether,  114,  196 

Evaporation,  193,  104 

Expansion  of  gavs  by  heat,  138.  141—1.7 

Expansion  of  liquids  by  heat,  138.  132—135 

Expansion  of  mercury  by  heat,  13a,  133 

Expansion  of  solids  by  heat,  137—133,  141, 
14a 

Expansion,  10  determine  the  difference  be- 
tween linear,  volume,  and  surface  expan- 
sion, 13a 

Experiment  showing  the  conversion  of  actual 
energy  into  potential  energy.  153,  1*3 

Experiments  snowing  the  bad  conductivity  of 
gases  and  of  water,  156,  157,  158.  159 

Experiments  with  Mousson's  apparatus,  168 


H  E  A  T—tentimwai. 

ence  between  the  conducting  power  of  a 
metal,  an  earth,  and  an  earthy  compound, 

t>round  ice,  199 

Groves,  Professor,  153,  174 

Gulf  Stream,  the,  160 


Heat,  133 — 306 

Heat  a  mode  of  motion,  14a,  143,  151,  163 

Heat  and  tight,  134 

Heat  and  power,  134 

Heating  power  of  the  fun,  134,  135,  153 

Heat  of  atoms,  ico 

Herschel,  Sir  W.,  303 

High  pressure  engine,  188,  189 

Hope.  Dr.,  131 

Hornblower,  Jonathan.  193 

Howard's  steam  ploughing  apparatus,  189 

Hygrometry,  194,  195,  196 

Hypothesis  of  molecular  vortices,  the,  178 


Igenhausz,  149,  150 

InertiA  of  heat,  151 

Interior  work  of  heat,  161.  163 

Invisible  heat  ray*,  aoa,  303,  304,  305 


Joule.  Dr.  J.  P..  136,  176 
joule's  equivalent,  136 


Krupland,  200 


Fahrenheit  scale,  the,  136,  137 

Faraday,  Professor,  134,  171,  193,  194 

Faraday  s  experiment  —  boiling  water  de- 
prived of  air  under  oil  of  turpentine,  170, 
171 

Force  and  temperature  of  steam,  table  show- 
inc  the,  173,  174 

Force  of  vapour,  195 

FonJyce,  156 

Franklin,  149,  150,  198 

Franx,  140.  153 

Friction,  135 


Gavesande's  ball  for  showing  the  cubical  ex- 
pansion by  heat,  12" 
Gay-Lumc,  14a,  176 

Generation  of  neat  by  chemical  action,  135 
Generation  of  heal  by  electrical  action,  135 
Generation  of  heat  by  friction,  135 
(veneration  of  heat  by  percussion,  135 
Generation  of  heat  by  vital  power,  isfi 
"Governor.*"  the.  187 
Governor  and   throttle  valve  of  Belli**  and 

Seekings,  188 
Graduation  by  machine  of  the  thermometer 

tubes,  137 
Griffith  >  experiments  illustrating  the  differ- 


T-item  heat,  160 — 169,  177 

Latent  heat  of  vapour,  174,  173,  176 

Lc  Roi.  195 

Leslie,  Sir  John,  146.  198.  199 

Uqucfaction,  163,  167,  16I 


H. 

Marcet's  boiler,  173 

Material  theory  ofcaloric,  134,  196 

Maximum  thermometer,  the,  138 

Mayer,  Dr.,  ia6 

Measures  of  heat,  130 

Mechanical  equivalent  of  heat.  136.  143,  145, 

143,  161 
Melloni,  197,  198,  199,  sco 
Melloni's  apparatus,  aoi,  303 
Melting-point  of  cast  iron,  the,  141 
Mercury,  133.  133 
Metallic  reflection,  joy 
Methods  of  reducing   Fahrenheit's  scale  to 

the  Centigrade  and  Reaumer's  scales,  137 
Methods  to  determine  the   specinc  heat  of 

bodies,  164,  165 
Methods  to  determine   the  specinc  heat  of 

gases,  165,  166 
Molard,  14a 
Montgomer  or  ftre  'aaiiocra,  lift,  Wfr,  v>p 
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Mousseo,  168 

Hulk*,  aoa 

Muscular  force,  134,  135 


Newton,  ias,  t35 
Newton's  opinion  on  heat,  136 
"Nonius,**  141 

Norwegian  self-acting  cooking  apparatus,  153, 
'S4.  »55 


Odling,  Dr.,  15s,  153 


Paddle-wheel  engine,  190,  191 

Papin's  digester,  174 

Parallel   motion,  the,   1S7 

Penn,  Messrs.,  193 

Perspiration,  15'-.  137 

Peiit,  165 

Photometer,  the.  164 

Physical  forces,  123 

Platinum,  13a 

Playfair,  Professor.  183 

Portrait  of  James  Watt,  179 

Possible  energy-,  161 

Potential  heat,  193,  151,  152,  153,  161,  16*,  165 

Pouillet,  134 

Poo  il  let *s  apparatus,  145,  146 

Power,  134 

Principle  of  expansion  of  steam,  na 

Progressive  dilatation  of  solids,  table  of  the, 
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